AD-A147  111  AN  INVESTIGATION  INTO  THE  FEASIBILITY  OF  ESTABLISHING 
MANPOWER  STANDARDSFF  (U)  AIR  FORCE  INST  OF  TECH 
URIGHT-PATTERSON  AFB  OH  SCHOOL  OF  SVST.  .  M  H  BAILEV 
UNCLASSIFIED  SEP  84  AF I T/GEM/LSM/84S-2  F/G55/9 


AFIT/GEH/IiSH/84 


AN  INVESTIGATION  INTO  THE  FEASIBILITY 
OF  ESTABLISHING  MANPOWER  STANDARDS 
FOR  MAJOR  AIR  COM4AM3  ENGINEERING 
AID  SERVICES  ORGANIZATIONS 

THESIS 

Mark  H.  Bailey,  BSIE 
First  Lieutenant,  USAF 

AFIT/GEM/LSM/84S-2 


Approved  for  public  release;  distribution  unlimited 


The  contents  of  the  document  are  technically  accurate,  and 
no  sensitive  items,  detrimental  ideas,  or  deleterious  infor¬ 
mation  are  contained  therein.  Furthermore,  the  views 
expressed  in  the  document  are  those  of  the  author  and  do  not 
necessarily  reflect  the  views  of  the  School  of  Systems  and 
Logistics,  the  Air  University,  the  United  States  Air  Force,  or 
the  Department  of  Defense. 


■r w  w  w  w  ^  -  !■  .  ■  "r  rv^y  «  w  •■  rvf  •  vvv-’  v-i  m ^ w »  « ■  r^  t-< ■  - y  1^ »r ■  »irT«  >«' ' t  % 1  fr11 

r-*  ■  •  •  •■•V  ■  •  • '  -  *-•  ---v\-  •--  v  -  -.-  -  v  \- ■.•  -\-V \-  •  •  ■  •  -A-  •  •  ■.* *A-  -.*  v  ■■•  \-v  A  v>y-.- 


UNCLASSIFIED 


security  classification  of  this  page 


REPORT  DOCUMENTATION  PAGE 


1a  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2a  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  OE  CLASS  I F I  CAT  I ON/OOWNG  RAOING  SCHEOULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMSER(S) 

AFIT/GEM/LSM/34S-2 _ 


6a  NAME  OF  PERFORMING  ORGANIZATION 

School  of  Systems  and 
Logistics _ 


pb.  OFFICE  SYMBOL 
(If  applicable) 


AFIT/LS 


6a  AOORESS  (City.  State  and  ZIP  Coda) 

Air  Force  Institute  of  Technology 
Wright-Patterson  AFB,  Ohio  45433 


Ba  name  of  funoing/sponsoring 

ORGANIZATION 


8b.  OFFICE  SYMBOL 
(If  applicable  I 


Be.  AOORESS  (City.  State  and  ZIP  Code ) 


11.  TITLE  (Include  Security  Claetiflcationl 

See  Box  IS _ 


lb.  RESTRICTIVE  MARKINGS 


3.  OISTR I BUTION/AVAI LABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  unlimited 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


7a  NAME  OF  MONITORING  ORGANIZATION 


7b.  AOORESS  (City,  State  and  ZtP  Code t 


B.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


10.  SOURCE  OF  FUNDING  NOS. 


PROGRAM 

PROJECT 

TASK 

WORK  UNIT 

ELEMENT  NO. 

NO. 

NO. 

NO. 

12.  PERSONAL  AUTHORISI 


war*  n  - _ OdJ.  1KV  . 

13a  type  of  report 

pp-lj,.  J.JJL.  UJflT 

13b.  TIME  COVERED 

14.  OATE  OF  REPORT  ( Yr ..  Mo..  Day) 

15.  PAGE  COUNT  I 

M<2  Th2><;  l  c; 

TO 

1984  September 

176  1 

16.  SUPPLEMENTARY  NOTATION 


1 1 7.  COSATI  COOES 

FIELD 

GROUP 

SUB.  GR. 

05 

m 

LW“S 

i  f 


,  _ fcVEH  - V 

Dam  lor  Ruoaicb  and  Protraioaal  □•ralopmoal 

^ ^ m m m, ^ 


■"  ™  1  Ail  TUI  II 

ia  SUBJECT  TERMS  (Continue  on  revene  if  "eeefUUjBPPdtttfl&iy SWfoVl 

Manpower,  Civil  Engineering,  Management  Engineer¬ 
ing,  Manpower  Standards,  Workload  Factors 


19.  ABSTRACT  (Continue  on  reverse  tf  necessary  and  identify  by  block  number) 


Title:  AN  INVESTIGATION  INTO  THE  FEASIBILITY  OF  ESTABLISHING  MANPOWER 
STANDARDS  FOR  MAJOR  AIR  COMMAND  ENGINEERING  AND  SERVICES 
ORGANIZATIONS 


Thesis  Chairman:  Joseph  C.  Munter,  Major,  USAF 


20.  oistribution/availability  of  abstract 

UNCLASSIFIEO/UNLIMITEO  53  SAME  AS  APT.  C  OTIC  USERS  □ 


22*.  NAME  OF  RESPONSIBLE  INOIVIOUAL 

- — Tn^enh  c.  Muster. _ Major  , 


USAF 


00  FORM  1473,  83  APR 


21.  ABSTRACT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


22b.  TELEPHONE  NUMBER 
( Include  Area  Code > 


513-255-5023 


22c.  OFFICE  SYMBOL 


_AFIT^LSMi 


.v 


a 


V 


>1 


& 


V.1 
v 


4 


% 


EOITION  OF  1  JAN  73  IS  OBSOLETE. 


UMJCLASSIEXED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


security  classification  of  this  fags 


There  currently  exists  no  set  of  generic  manpower  standards 
universally  applicable  to  Major  Air  Command  Engineering  and 
Services  organizations.  Abilities  to  accurately  plan  and  program 
manpower  requirements  are  severely  impacted,  utilization  effici¬ 
encies  are  being  missed,  and  manpower  actions  are  being  made 
without  any  quantifiable  support. 

This  research  attempted  to  develop  a  generic  manpower  stand¬ 
ard  for  the  Housing  and  Services  Branch  of  Engineering  and 
Services  Deputates.  Air  Force  Logistics  Command,  Air  Force 
Systems  Command,  and  Tactical  Air  Command  were  participating 
commands.  Because  of  varying  command  structures,  a  modular 
approach  was  used  to  develop  standards  for  categories  of  work. 

Work  sampling  techniques  were  used  to  gather  manhour  data  as  a 
percentage  of  time  spent  per  day  in  various  categories:  this 
was  later  converted  to  manhours.  The  sampling  consisted  of 
recording  observations  of  work  categories  at  random  times. 
Descriptive  workload  factors  and  their  values  were  obtained 
by  questioning  participants.  Classical,  stepwise  regression  was 
used  to  develop  descriptive  models  for  each  job  category.  Results 
were  evaluated  by  combining  the  resultant  of  each  model  and 
comparing  to  present  levels. 

Many  different  workload  factors  were  identified  as  potent¬ 
ially  descriptive;  they  were  significant  from  a  relationship 
standpoint  but  not  regression-wise.  Many  solid  descriptors 
could  not  meet  specified  acceptance  criteria.  Extreme  multi-  ' 
col linearity  was  present  due  to  factor  selection.'  The  presence 
of  heteroscedasticity  did  not  permit  adequate  evaluation- 
even  after  using  data  transformations. 

This  research  was  not  entirely  successful,  but  it  did  prove 
the  feasibility  of  standards  development.  It  laid  some  pre¬ 
liminary  groundwork  to  that  end. 


SECURITY  classification  of  THIS  f aqi 


APrr/GEH^LSI/8  4S-2 


AN  INVESTIGATION  INK)  THE  FEASIBILITY 
OF  ESTABLISHING  MAMOWER  STANDARDS 
PCR  MAJCR  AIR  COMMAND  ENGINEERING 
AM)  SERVICES  ORGANIZATIONS 

THESIS 


Presented  to  the  Faculty  of  the  School  of  Systems  and  Logistics 
of  the  Air  Force  Institute  of  Technology 
Air  University 

In  Partial  Fulfillment  of  the 
Requirements* for  the  Degree  of 
Master  of  Science  in  Engineering  fenagement 


Mark  H.  Bailey,  BSIE 
First  Lieutenant,  USAF 


September  1984 


Approved  for  public  release;  distribution  unlimited 


Preface 


Working,  developing,  and  producing  a  thesis  is  both  a  learning 

experience  and  an  exercise.  It  is  a  learning  experience  in  that  one 

takes  an  idea  and  tries  to  extend  the  thought  beyond  the  present  bounds 

of  knowledge  —  succeeding  in  some  attempts  and  failing  in  others.  A 

thesis  is  also  an  exercise  in  patience  and  futility;  understanding  and 

confusion;  and  academia  and  practicality.  These  feelings,  emotions, 

or  thoughts  appear  alternately  but  continually  throughout  the  thesis 

process.  The  thesis  process  itself  is  something  that  is  necessary  to 

build  one's  confidence  in  his  abilities  and  lets  him  know  he  truly  has 

"mastered"  something.  A  thesis,  or  at  least  the  effort  behind  it, 

♦ 

cannot  truly  be  appreciated  (if  that  indeed  is  the  correct  word)  until 
it  is  completed.  I  cannot  really  say  that  I  was  completely  overjoyed 
with  developing  a  thesis  but  I  can  say  I  am  overjoyed  it  is  completed. 

I  have  made  the  thesis  effort  sound  as  if  it  were  totally 
individualistic;  this  is  surely  not  the  case.  A  thesis  can  only  be 
produced  through  team  effort  —  that  of  the  researcher,  the  advisor, 
the  participants,  and  many  others.  I  would  like  to  thank  everyone 
involved  in  this  effort.  I  do  not  want  to  be  remiss  in  thanking 
anyone;  any  exclusion  is  purely  unintentional. 

These  individuals  were  key  to  the  conduct  of  the  entire  research. 

I  first  broached  the  possibility  of  this  research  with  them  and  because 
of  their  sincere  and  positive  support  and  enthusiasm  the  project  was 
undertaken.  Many  thanks  to  John  Dixon,  HQ  TAC/DEM3,  Capt  Glenn  D. 


ii 


Haggstrcrn,  BQ  AFSC/DEM3,  and  Phil  Ruud,  BQ  AFD2/DEM3.  Lt  Col  Robert  W. 
Swaney,  BQ  AFLC/DEH,  and  Maj  Alan  R.  Oschsenbein,  BQ  AFIC/IGIS, 
contributed  significantly  to  the  research  design  and  were  instrumental 
in  establishing  the  tested  workload  factors.  They  were  superb  points 
of  contact  and  sources  of  information.  Also  acting  as  points  of 
contact  were  Capt  Deborah  A.  Dumont,  BQ  AFDC/DEH,  and  Capt  Lori  A. 
Reisdorf,  BQ  TAC/DEH,  who  conducted  the  survey  within  their  respective 
camands.  Without  their  untiring  assistance  to  their  additional  duty, 
the  research  would  not  have  progressed. 

Maj  Joseph  W.  Coleman  was  an  outstanding  instructor  who  taught  me 
most  everything  I  know  about  statistical  analysis.  Be  always  provided 
expert  guidance  with  methodological  development  and  subsequent 
analysis.  Be  provided  support  over  the  rough  areas.  Be  is  the  man  who 
taught  me  the  difference  between  nultiple  and  nultivariate  regression. 
Maj  Arthur  L.  Rastetter,  my  reader,  always  provided  a  fresh  insight  and 
perspective  on  the  effort.  Be  examined  all  aspects  objectively  and  saw 
a  way  through  many  difficulties. 

The  man  who  always  saw  the  light  at  the  end  of  the  tunnel  and 
encouraged  me  to  strive  for  it  under  any  circunst  ances  was  my  advisor, 
Maj  Joseph  C.  Munter.  Be  made  significant  contributions  to  this 
effort  that  are  too  numerous  to  mention.  Be  identified  many  problems, 
weaknesses,  and  pitfalls  that  myself  and  others  did  not  see.  He 
strongly  believed  in  this  project  and  supported  it  to  the  maximum. 

Be  was,  at  times,  a  taskmaster  —  but  believe  me,  there  is  a  payoff. 
Most  of  all,  he  kept  me  straight.  Together  we  achieved  something  — 
a  first  thesis  for  both  of  us. 


I  surely  would  never  forget  Jackie  McHale.  Jackie  was  the  expert 
typist  who  took  this  effort  and  organized  it  into  a  perfect  document. 
Many  thanks  to  the  lady  who  nearly  went  blind  trying  to  interpret  my 
chicken  scratch. 


Now,  lets  go  fly!! 


Table  of  Contents 


Preface 


List  of  Figures 
List  of  Tables 


Abstract 


-y> 


Introduction  .....  . 

Problem  Background  . 

Problem  Statement  . 

Objective  . 

Specific  Research  Questions  .  .  . 


Research  Justification  . 

Data  Availability  .  .  . 

Methodology  .....  . 

Assumptions  . 

Background  on  Manpower  Planning  Concepts  and 
Techniques  with  Specific  Applications  to  the  Air  Force 

General  Concepts  . 

Models,  Descriptors,  and  Standards  . 

Specific  Models  —  Techniques  in  Manpower  Planning 
Manpower  Planning  Concepts  in  the  Air  Force  .  .  . 
Manpower  Planning  Techniques  in  the  Air  Force  .  . 

Feasibility  Phase  . 

Study  Plan  Phase  . 

Measurement  Design  . 

Work  Measurement,  Model  Selection, 

and  Implementation . 

Additional  Considerations  . 

Summary . 

Design  Background  and  Specific  Methodology  . 

Background  . 

Work  Sampling  . 


Procedure  .  .  . 
Diary  Studies  .  .  . 
Regression  Analysis 
Assumptions  .  . 


Page 


Least  Squares  Approach  .  37 

Partitioning .  38 

Linearity  and  Usefulness .  39 

Descriptive  Concepts .  41 

Confidence  Interval  .  43 

Types  of  Regression .  44 

Model  Determinant  Factors .  45 

Approach .  46 

Justification  of  Techniques  .  46 

Specific  Methodology .  47 

Pilot  Study .  47 

Work  Sanpling .  51 

Factor  Determination .  55 

Sanple  Plan .  55 

Data  Preparation  . 

Use  of  Regression .  a4 

Validation  of  Techniques .  70 

Hew  Research  Questions  Ware  Answered .  72 

IV.  Findings .  /4 

Pilot  Study .  74 

Raw  Data  Analysis .  75 

Work  Sanpling  Considerations . 75 

Methodological  Considerations  .  79 

Model  Development .  82 

General  Considerations .  82 

Specific  Considerations .  86 

Variance  Analysis .  88 

Regression  Before  Transformation .  88 

Regression  After  Transformation .  93 

Ccnparison  of  Regressions .  95 

V.  Analysis .  96 

Data  Coding .  96 

Workload  and  Category  Relationships .  98 

Multicollinearity .  101 

Model  Selection .  102 

Autocorrelation .  106 

Model  Verification .  107 

Analysis  of  Research  Questions  .  107 

VI.  Conclusions  and  Inplications .  Ill 

Conclusion .  Ill 

Practical  and  Policy  Inplications  .  112 

Strengths .  113 

Limitations .  114 

Refinements .  116 


vi 


Appendix  A:  Glossary  .... 
Appendix  B:  Survey  Instrument 


Appendix  C:  Procedures  Used  to  Select  and  Group  Structural 
Differences  and  Identify  Potential  Additives  . 

Appendix  D:  Proposed  Work  Sampling  Categories  by  Branch  . 

Appendix  E:  Potential  Workload  Factors  by  Branch  . 

Appendix  F:  Sample  Work  Sampling  Data  Packet  . 

Appendix  G:  Manpower  Range  for  Each  Availability  Factor  . 

Appendix  H:  SPSS  Programs  . 

Appendix  I:  Areas  of  Concern  for  Workload  Factors  .  .  .  . 

Appendix  J:  Canputer  Data . 

Appendix  K:  Representative  Scatterplot  of  Job  Category 

and  Workload  Factors  Relationships  . 

Appendix  L:'  Tables  of  Inter correlation  -  Multicorrelation 
Matrix  . 

Appendix  M:  Scatterplot  of  Cumulative  Residual  Values  .  . 

Appendix  N:  Tables  of  Statistically  Significant  Models  .  . 

Bibliography  . 


List  of  Figures 


Figure  Page 

1.  Manpower  Study  Framework .  21 

2.  Exanple  of  Least  Squares  Fit .  37 

3.  Presentation  of  Error  Partitioning  .  38 

4.  Structure  Chart .  53 

5.  Plot  of  Predictor  and  Response  Variables  .  62 

6.  Modularity  . .  65 


List  cr  Tables 


Modeling  Criteria  . 

Results  of  Work  Content  and  Contact  Distribution 

Comparative  Results  of  Pilot  Study  . 

Structural  Differences  Across  Commands . 

Category  Recap  for  Comparison  Study . 

Standard  Deviation  Values  Used  for 

Data  Transformation . 

Results  of  Simple  Variance  Analysis 

and  Heteroscedasticity  . 

Correlation,  Determination,  and  Significance 
Values  Before  and  After-  Data  Transformation  ..  . 

2 

Fit  Testing  and  Revised  r  Values  . 


AFrr/GEH/LSH/84S-2 


Abstract 


No  set  of  generic  manpower  standards  exist  that  are  universally 
applicable  to  Major  Air  Command  (MAJCOM)  Engineering  find  Services 
deputates.  Abilities  to  accurately  plan  and  program  manpower 
requirements  are  severely  impacted,  utilization  efficiencies  are  being 
missed,  and  manpower  actions  are  being  made  without  any  quantifiable 
support. 

This  research  investigates  the  applicability  of  existing  command- 
specific  standards  to  all  Engineering  and  Services  deputates.  If 
generalization  were  not  appropriate,  the  research  sought  to  develop 
such  standards. 

A  pilot  study  of  current  staffing  levels  versus  those 
recommended  by  the  specific  standard  was  conducted  to  determine 
applicability.  It  also  served  to  identify  directorate  areas  for  future 
study  as  well  as  selecting  commands  to  participate  in  the  research. 
General  applicability  was  not  noted?  the  Housing  and  Services 
directorate  and  Air  Force  Logistics  Command,  Air  Force  Systems  Command, 
and  Tactical  Air  Corrcnand  were  chosen  as  study  areas  and  participants, 
respectively. 

Not  every  command  was  structured  uniformly,  so  modular  standards 
were  sought.  Modularity  accounted  for  structured  differences  by 
developing  an  appropriate  standard  for  categories  of  work.  This  way,  a 


x 


universal  standard  could  be  developed  as  work  categories  were  the  same 
—  only  in  different  alignments.  Work  sanpling  techniques  were  used 
to  gather  manhour  data  as  a  percentage  of  time  spent  per  day  in  various 
categories;  this  was  later  converted  to  manhours.  The  sanpling 
consisted  of  recording  observations  of  work  categories  at  randan  times. 
Descriptive  workload  factors  and  their  values  ware  obtained  through 
questioning  participants.  Classical,  stepwise  regression  was  used  to 
develop  descriptive  models  for  each  category.  Results  were  evaluated 
by  combining  the  predicted  nanhours  frcm  each  model  for  each  command 
and  converting  the  end  product  into  a  manpower  level  needed  to  support 
the  specified  number  of  hours. 

Many  different  workload  factors  were  identified  as  potentially 
descriptive.  Most  were  statistically  significant  insofar  as 
correlations  were  concerned  but  were  not  sufficiently  significant  from 
a  regression  standpoint.  Data  transformations  were  used  to  try  and 
reverse  the  situation.  Mo  acceptable  models  were  developed.  Extreme 
nulticollinearity  was  present  and  heteroscedasticity  did  not  permit 
confidence  interval  estimation  nor  validation  of  untransformed  data 
models.  Transformed  data  greatly  reduced  identified  relationships. 

The  development  of  generic  manpower  standards  for  MWOQM  staffs  is 
certainly  needed  and  is  entirely  feasible.  This  research,  though  not 
entirely  successful,  laid  seme  preliminary  groundwork  in  this  area. 


AN  INVESTIGATION  INK)  THE  FEASIBILITY 


OF  ESTABLISH  INS  MANPOWER  STANDARDS 
FOR  MAJOR  AIR  COMMAND  ENGINEERING 
AND  SERVICES  ORGANIZATIONS 

I.  Introduction 

Manpower  planning  has  been  characterized  as  the  key  to  the 
continued  existence  of  many  organizations.  Today,  with  efficiency  in 
operations  so  vital,  manpower  planning  attempts  to  attain  and  maintain 
efficiency  in  organizational  manpower  requirements  (12:32).  A  manager 
needs  to  be  familiar  with  manpower  planning  concepts  and  techniques  so 
that  he  may  be  efficient  and  effective  in  his  operations. 

Manpower  planning  is  a  process  that  seeks  to  insure  that  the 
right  number  and  kinds  of  persons  will  be  at  the  proper  place 
at  the  right  times  in  the  future  in  order  to  guarantee  the 
attainment  of  the  organization's  vital  goals  and  objectives 
[21:37]. 

Manpower  planning  is  also  just  good  business  .  .  .  failure  to 
plan  is  planning  to  fail  .  .  .  the  lack  of  planning,  like 
undiscovered  termites,  is  not  visible  for  sometime.  Then  the 
roof  falls  in  [26:43]. 

These  perspectives  define  the  concept  of  manpower  planning, 
serving  to  underline  the  idea  of  planning  in  the  management  of  humans. 
Manpower  standards  are  the  vehicle  that  implements  manpower  planning  in 
the  Air  Force.  A  manpower  standard  can  be  defined  in  terms  of  its 
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objectives:  to  develop  a  valid,  descriptive  work  center  manhour- to- 
workload  relationship  and  to  quantify  this  as  a  manpower  requirement. 
These  requirements  form  the  basis  for  the  effective  use  and  efficient 
distribution  of  human  resources  within  the  Air  Force  (33:3-1). 

Manpower  standards  identify  minimum  essential  Air  Force  manpower 
requirements;  they  are  the  primary  means  of  determining  and  programming 
future  manpower  requirements.  These  standards  can  also  be  thought  of 
as  tools  used  to  determine  requirements  and  allocate  resources.  The 
systematic  implementation  of  manpower  standards  and  their  resultant 
manning  authorizations  are  recognized  by  the  Office  of  Management  and 
Budget,  Congress,  and  the  Secretary  of  Defense.  These  functions  of 
government  view  standards  through  their  contributions  to  the  Five  Year 
Defense  Plan  (FYDP )  and  the  Planning,  Programming,  and  Budgeting  System 
(PPBS)  which  form  the  basis  of  resource  management  control  within  the 
Department  of  Defense  and  thus  the  Air  Force.  The  ability  of  the  Air 
Force  to  obtain  required  resources  is  directly  related  to  the  FYPD, 
PPBS,  and  other  management  systems.  Air  Force  inputs  to  these  systems 
are  in  the  form  of  manpower  required  to  maintain  a  force  while  outputs 
pertain  to  staff ings  throughout  commands.  Manpower  levels  in  these 
documents  are  those  authorized  for  and  allocated  to  all  Air  Force 
units.  The  importance  of  Air  Force  manpower  standards  is  manifested  in 
various  management  systems  (37). 

Problem  Background 

The  concept  of  manpower  planning  is  a  by-product  of  World  War  II. 
The  federal  government,  in  need  of  rapid  mobilization  and  development, 


required  ways  to  project  industrial  production  so  that  production 
quotas  could  be  met.  Additionally,  shortages  of  manpower  made  planning 
necessary,  thus  permitting  the  necessary  distribution  of  human 
resources  to  critical  industrial  sectors.  To  achieve  this,  the 
government  required  industry  to  analyze  their  manpower  situations  and 
to  develop  programs  to  adequately  staff  all  functions.  Borrowing  on 
these  techniques  and  realizing  the  need  for  financial  management,  the 
Department  of  Defense  published  Directive  5010.4,  entitled  "tfenagement 
Improvement  Program"  in  1951.  Highly  subjective  tables  of  organization 
and  equipment  based  on  estimate  and  experience  would  no  longer  be 
acceptable  as  manpower  management  tools.  Instead,  the  directive 
required  each  service  to  develop  work  measurement  systems  based  on 
statistical  procedures,  historical  data,  and  methods  engineering  and 
industrial  engineering.  Manpower  planning  techniques  were  developed  to 
such  a  point  in  the  1960s  that  they  were  applicable  to  the  work  center 
level.  Through  the  use  of  work  sanpling  techniques,  the  manpower 
needed  to  perform  a  job  could  be  measured  and  extrapolated  to  other 
similar  work  centers  and  jobs  throughout  the  Air  Force  (40). 

A  review  of  Air  Force  Index  0-18,  Index  of  Air  Force  Manpower 
Standards,  shows  that  a  generic  standard  has  been  developed  for  most 
functions.  The  use  of  the  term  generic  neans  that  the  standards  are 
universally  applicable  across  units,  installations,  and  commands  by 
virtue  of  their  derivation,  ccnposition,  and  application.  Standards 
are  applicable  at  the  operating  unit  level;  they  are  developed  by 
functional  accounts.  The  standards  are  used  as  management  tools 
primarily  at  the  wing  level.  That  is,  all  the  organizational 


sub-elements  below  group  or  squadron  level  are  composed  of  units  for 
which  a  manpower  standard  exists.  There  are  no  generic  standards 
universally  applicable  to  all  levels  of  an  organization.  One  standard 
exists  for  a  single  major  air  command  (MAJOOM) ;  it  is  a  specific, 
single-point  standard  suitable  to  only  that  location  (32;  44). 

These  organization  levels  do  not  obtain  their  manpower 
authorizations  by  using  the  established  scientific  techniques;  they  use 
judgement,  experience,  and  past  staffing  patterns.  Von  Wblffradt  and 
Worrell ' s  (40)  research  showed  that  judgement  is  an  accepted  manpower 
technique  when  no  other  method  is  available;  AFR  25-5  series  labels  the 
technique  as  a  technical  estimate.  In  the  absence  of  a  quantitative 
manpower  standard  for  a  MAJOOM  or  a  work  unit  such  as  a  deputate, 
required  manpower  is  determined  through  technical  estimate  or  educated 
guess. 

Effects  of  the  lack  of  a  general  manpower  standard  for  various 
deputates  at  the  MAJOOM  level  can  be  seen  in  the  problems  it  manifests. 
In  the  case  of  the  Engineering  and  Services  deputates,  one  problem  has 
been  the  lack  of  flexibility.  The  Alaskan  Air  Command  is  currently 
experiencing  a  large  increase  in  construction  programs  due  to  major 
mission  changes.  Organizational  performance  capabilities  are  degraded 
and  effectiveness  of  the  deputate  staff  is  reduced  because  it  must 
respond  to  changing  mission  requirements  and  increased  vrorkload  with  no 
complementary  change  in  human  resources.  Likewise,  when  work 
requirements  decrease,  it  would  be  inefficient  to  have  a  large  number 
of  personnel  working  on  fewer  requirements.  Again,  staffing  levels  are 
not  geared  to  the  mission  and  work  requirements.  The  Alaskan  Air 


Oonmand  ideally  demonstrates  this  case  as  the  current  increased  work 
requirements  experienced  by  the  Engineering  and  Construction  staff  will 
be  reduced  when  construction  is  completed.  The  workload  would  then  be 
transferred  to  the  Operations  and  Maintenance  staff  and  the  cycle  would 
repeat.  There  are  no  provisions  to  accurately  and  adequately  predict 
the  manpower  inpact  of  future  changes  (11;  16). 

Another  problem  is  determining  appropriate  action  when  staffing 
cuts  must  be  made.  There  is  no  guidance  to  reallocate  resources. 
Currently,  changes  are  being  made  based  on  estimates  of  the  situation. 
Unfortunately,  changes  are  sometimes  made  to  areas  that  can  least 
afford  it  while  others  go  untouched.  MAJCOM  managers  at  all  levels 
require  a  valid  guide  based  on  solid  criteria.  A  valid  guide  would 
lend  credence  to  manpower  reallocation  processes. 

Attempts  have  been  made  in  the  past  to  develop  specific,  generic 
manpower  standards  for  various  deputates  at  the  MAJCOM  level.  Most 
attempts  have  resulted  in  failure  or  less  than  optimal  outcomes  because 
of  difficulties  in  generalization  due  to  differences  in  organization 
structure  or  perceived  organizational  threats  and  political  climate.  A 
special  services  function  is  currently  attenpting  to  develop  a  manpower 
standard  for  MAJCOM  manpower  staffs  (3).  In  1975,  HQ  USAFE  drafted  a 
standard  for  their  Engineering  and  Services  organization  but  did  not 
implement  it  (6).  HQ  AFRES  oonpleted  an  applications  study  of  its 
Engineering  and  Services  organization  in  December  1982;  the  study  is 
currently  awaiting  implementation.  The  study  is  the  first  conplete 
quantification  of  a  MAJCOM  Engineering  and  Services  deputate  manpower 
requirement.  Their  objective  was  to  evaluate  current  organization 
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structure,  validate  authorizations  required  by  current  workload,  and 
develop  manpower  standards  to  accommodate  programmed  changes.  This 
study  may  not  be  universally  applicable  across  ccrtnands  because  it  is  a 
single-point  study  (i.e.,  HQ  AFRES/DE).  Statistical  and  work  analysis 
techniques  used  were  appropriate  for  small  sample  sizes.  Additionally, 
operational  audit  techniques  of  historical  data  amid  technical  estimate 
were  used  and  based  on  a  sole  sample  point.  Results  could  not  be 
statistically  validated  (44). 

Problem  Statement 

There  currently  exists  no  set  of  generic  manpower  standards  that 
universally  apply  to  all  MAJOOM  Engineering  and  Services  deputates . 
Thus,  abilities  to  accurately  plan  and  program  manpower  requirements 
cure  severely  impacted,  utilization  efficiencies  are  being  missed,  and 
manpower  actions  are  being  made  without  any  quantifiable  support. 

Objective 

The  objective  of  this  research  effort  was  to  investigate  the 
applicability  of  the  manpower  standards  developed  by  HQ  AFRES  across 
MAJOOM  Engineering  and  Services  organizations.  If  general 
applicability  was  not  feasible,  this  research  used  work  and  statistical 
analysis  techniques  to  develop  a  model  that  is  descriptive  of  manpower 
requirements  at  this  level. 


The  research  hypothesis  tested  was  that  a  general  manpower  model 
that  is  sufficiently  descriptive  of  actual,  required  manpower  can  be 
developed  for  MAJOOM  Engineering  and  Services  deputates.  In  symbolic 


Hq  :  M  =  b0  +  Vl  +  b2x2  *  *  *  +  bcXc  +  6 


Ha  :  ^  *  b0  +  blxl  +  b2*2  *  *  ‘  +  bcxc  +  6 

when  the  model  is  in  the  form  of  a  linear  equation  suitable  for 

analysis  using  regression  techniques. 

p  =  total  manhours  required  to  accomplish  sill  tasks  assigned 
to  specific  work  center  within  a  specific  time  period 

b  =  the  unit  time,  both  described  and  undescribed  by  relation¬ 
ships,  for  all  tasks  assigned  to  specific  work  center 
within  a  specified  time  period 

x  =  the  volume  of  work,  in  units,  accomplished  during  the  period 
of  study  that  corresponds  to  functions  measured 

e  =  the  error  resultant  from  model's  descriptive  limitations  or 
resultant  from  data  randomness 

Specific  Research  Questions 

Specific  research  questions  investigated  in  support  of  the 
objective  are: 

1.  Is  the  development  of  a  generic  manpower  standard  for  all 
MAJOOM  Engineering  and  Services  deputates  feasible? 

2.  How  appropriate  are  the  manpower  standards  developed  by  HQ 
AFRES  for  generalization? 

3.  What  are  appropriate  workload  factors  for  inclusion  in  a 
descriptive  manpower  standard  taking  into  consideration  the 
attainability,  quantifiability,  and  sensitivity  of  various  factors? 

4.  What  specific  equations  are  most  representative  of  branch 
manpower  requirements  across  MAJGOMS? 

5.  How  valid  are  the  manpower  equations  developed  in  comparison 
to  current  manning  levels? 


fi 


Scope 

Factors  affecting  the  breadth  and  depth  of  this  study  included 
determining  which  MAJCQMS,  directorates,  and  branches  should  be  studied 
as  well  as  deciding  the  level  of  analysis  for  each  grouping.  MAJOOMS 
considered  for  study  were  limited  to  those  within  CONUS  having  a  real 
property  responsibility.  This  limitation  was  chosen  because  CONUS 
MAJOQMs  conprise  the  majority  of  Air  Force  commands,  have  less 
extraneous  factors  affecting  their  operation,  and  require  less  lead 
time  in  a  study.  Additionally,  there  are  some  MAJOOMs  that  have  little 
or  no  real  property  responsibilities  as  they  are  a  one  base  MAJCQM  or 
are  generally  tenants  on  installations  belonging  to  another  command; 
exanples  include  Air  University  and  Electronic  Security  Command.  These 
types  of  commands  do  not  present  a  true  picture  of  the  generic 
requirements  of  the  Engineering  and  Services  area.  These  commands  meet 
the  criteria  specified  above;  Air  Force  Logistics  Command  (AFLC) ,  Air 
Force  Systems  Command  (AFSC),  Air  Training  Comnand  (ATC) ,  Military 
Airlift  Command  (MAC),  Space  Command  (SC),  Strategic  Air  Command  (SAC), 
and  Tactical  Air  Gommand  (TAC) . 

A  pilot  study  based  on  the  findings  of  the  HQ  AFRES  study  was  used 
to  determine  which  directorates  and  branches  within  selected  commands 
should  be  studied.  The  study  required  each  branch  at  each  MAJOOM  to 
apply  the  HQ  AFRES  models  and  compare  to  current  authorizations. 
Variations  between  current  and  applied  authorizations  were  earmarked 
for  investigation.  The  pilot  study  served  to  narrow  the  functions  to 
be  studied.  Not  every  functional  area  was  considered,  as  some  are 


mission  unique  and  not  generally  applicable  across  cormands;  these 
areas  were  identified  for  potential  future  study. 

Level  of  analysis  relates  to  the  depth  at  which  each  function  is 
examined.  The  first  way  a  function  could  be  studied  is  rather  general 
and  is  based  on  the  standardized  organizational  structure  specified  in 
AFR  26-2  and  general  job  categories  of  APR  85-7.  A  standard  was 
determined  by  measuring  the  time  required  to  perform  a  group  of  tasks. 
An  in-depth  analysis  of  each  tasking,  by  work  flow  and  volume,  was  the 
second  possible  level.  This  level  required  identification  of  each 
individual  job  performed  and  traced  the  sequence  of  steps  to  acconplish 
each  tasking.  Standards  were  determined  by  using  the  time  required  to 
complete  each  tasking  and  its  associated  volume  of  work.  This 
investigation  concentrated  on  the  general  job  categories  of  each 
function  since  the  approach  was  better  suited  for  chosen  methodology 
and  the  practical  and  time  constraints  placed  on  this  study. 

Research  Justification 

Justification  for  this  research  stemmed  from  factors  already 
discussed.  No  manpower  standards  currently  exist  for  most  MAJOOM 
functions  and  more  specifically  the  Engineering  and  Service  deputates. 
Manpower  standards  provide  direct  input  to  the  FYDP  and  the  PPBS.  The 
lack  of  a  standard  could  result  in  inaccurate  and  invalid  inputs  thus 
causing  inefficiencies  in  the  DOD  resource  management  systems.  Not 
only  is  the  required  level  of  manning  not  identified,  the  level  is  also 
insensitive  to  changes  in  workload.  Vfrien  reallocations  of  workload  are 
required,  no  empirical  guide  is  available  to  assist  the  process.  These 


discrepancies  represent  the  ineffectiveness  of  personnel  management 
systems  and  inefficiencies  in  resource  management. 


Data  Availability 

Data  to  support  this  research  was  not  presently  quantified;  it 
does  not  exist  in  an  adequate  form  for  analysis.  Data  regarding 
aggregate  work  time  expenditures  and  units  of  work  volume  were  surveyed 
and  translated  into  times  per  job  category.  A  sampling  survey  provided 
necessary  raw  data  with  little  burden  on  the  respondents.  Potential 
difficulties  lie  with  the  motivation  of  those  surveyed  to  provide 
accurate  raw  data  as  well  as  possible  restrictions  caused  by  Air  Force 
survey  and  local  union  policies. 

Methodology 

« 

Data  was  gathered  by  applying  work  sampling  techniques.  Work 
sanpling  was  done  by  job  categories  as  they  cure  defined  in  AFR  85-7; 
each  individual  participant  performed  his  own  sanpling.  The  raw  data 
provided  by  sanpling  was  transformed  into  time  spent  performing  each 
category  of  work  for  every  branch  studied.  When  grouped  with  data 
describing  potential  workload  factors,  all  data  was  regressed  to 
develop  appropriate  manpower  models.  The  regression  was  performed  by 
category.  The  overall  model  was  created  by  combining  the  independent 
modules. 

Resultant  models  were  evaluated  by  substituting  respective 
workload  factor  values  into  them  and  dividing  the  result  by  the 
standard  number  of  manhours  in  a  month.  Additionally,  a  prediction 


interval  around  this  value  was  developed.  If  the  interval  contained 
current  authorized  manning,  it  was  acceptable. 


Assumptions 

Four  major  assumptions  were  used  in  this  research: 

1.  Sample  size  calculations  for  work  sampling  followed  a 
normal  distribution. 

2.  All  statistical  assumptions  for  regression  analysis  were 
sufficiently  satisfied. 

3.  The  various  taskings  of  work  units  could  be  grouped  into 
categories  and  categories  are  independent  and  mutually 
exclusive. 

4.  Current  levels  of  authorizations  with  MAJOQMS  are  at 
least  minimally  satisfactory  but  not  necessarily 
ideally  sufficient. 

A  glossary  of  technical  abbreviations  and  terms  can  be  found  in 
Appendix  A. 


II.  Background  on  Manpower  Planning  Concepts 
and  Techniques  with  Specific  Application 
to  the  Air  Force 

Manpower  planning  represents  just  a  small  fraction  of  the  body 
of  knowledge  called  management,  its  concepts  are  closely  related  to 
those  of  management  and  its  techniques  range  from  intuition  to  conplex 
statistics.  Manpower  planning  oonoepts  and  techniques  have  direct 
application  to  any  environment  —  including  the  Air  Force.  Hie  Air 
Force  has  developed  a  conplex  system  to  apply  a  portion  of  the  overall 
contents  and  techniques.  An  examination  of  the  literature  describing 
these  concepts  and  techniques  will  allow  an  appreciation  of  the 
approach  proposed  to  solve  the  problem. 

General  Concepts 


& 
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Manpower  planning  and  accurate  forecasting  are  crucial  to  the 
viability  of  many  forms  of  dynamic  and  conplex  social  and 
economic  environment.  Hie  penalty  for  inaccuracy  is  reduced 
efficiency,  missed  opportunities,  and  increased  overtime  if 
the  forecast  is  short,  and  costly  excess  staffing  if  the 
forecast  is  long  [12:32]. 


An  underlying  thane  in  this  review  is  forecasting  and  planning.  A 
forecast  is  a  projection  or  estimate  of  the  future.  It  is  a  premise 
for  planning  and  cure  an  integral  part  of  the  planning  process,  but  are 
not  plans  (17:93).  A  forecast  tells  "what"  while  a  plan  tells  "how." 

A  forecast  should  be  credible,  significant,  cost-effective  and  useful. 
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A  forecast  is  credible  if  methodology  and  data  used  in  developing  it 
are  valid,  while  it  is  significant  if  its  results  are  other  than 
intuitively  obvious.  A  forecast  is  not  of  much  use  if  it  is  too 
expensive  to  obtain  in  relation  to  benefits  (14). 

Harrison  (17)  describes  managerial  planning  as  being  conposed 
of  strategic  and  tactical  planning.  Tactical  planning  deals  with 
short-run  goals  and  is  specific.  Strategic  planning  is  broader  and 
applicable  to  the  long  range;  it  is  central  to  the  future  of  the 
organization  as  it  establishes  organizational  objectives.  Lack  of  it 
indicates  a  deficiency  in  the  organization  (17).  Among  the  subjects 
of  planning  is  the  human  element  (17).  This  human  element  can  be 
thought  of  as  manpower,  and  manpower  requirements  depend  ultimately  on 
strategic  planning  (39).  Without  objectives  established  by  strategic 
planning,  there  would  be  no  information  upon  which  to  base  manpower 
determinations.  A  basis  for  manpower  planning  is  data  obtained  from 
good,  useful  forecasts. 

Planning  for  the  human  element  can  take  on  numerous  forms  for  both 
the  long  and  short  run.  It  is  not  necessarily  restricted  to  the  simple 
cases  such  as  determining  staffing  needs  for  an  increase  in  production 
caused  by  a  momentary  demand  increase.  Also,  it  is  not  directly  tied 
to  the  increase  in  manning  needed  for  the  addition  of  a  new  product 
line.  This  type  of  planning  cuts  across  these  forms  of  planning.  Of 
the  various  forms  of  manpower  planning,  workforce  planning  (determining 
the  number  and  kinds  of  workers  needed  to  fulfill  production 
requirements)  is  critical  (5). 


13 


Supply  and  demand  of  human  resources  are  integral  to  manpower 


forecasting  and  planning.  Demand  refers  to  the  organization's 

requirement  for  people;  supply  involves  the  appropriate  number  of 

required  people  being  available  to  meet  the  demand.  The  supply  and 

demand  factors  are  both  internal  and  external  to  the  organization. 

That  is,  staffing  pressures  and  manning  supply  may  come  solely  from 

within  the  organization,  outside  the  organization,  or  a  combination  of 

both  (5).  Therefore,  manpower  planning  and  requirements  determinations 

can  be  thought  of  in  terms  of  a  supply  function  and  a  demand  function. 

The  various  forms  of  manpower  planning  are  influenced  by  the 

supply  and  demand  of  human  resources.  Manpower  planning  is  a  result  of 

forecasts  made  that  support  the  attainment  of  objectives  specified  in 

the  strategic  plan.  The  concepts  of  forecasting  and  planning  are 

« 

crucial  to  manpower  planning  and  are  central  to  the  establishment  of 

« 

quantifiable  expressions,  such  as  models,  descriptors,  and  standards  of 
and  for  manning. 

Models,  Descriptors,  and  Standards 

In  general  terms,  a  model  is  merely  a  representation  of  something 
else  or  a  representation  of  reality  (41).  Manpower  models  are  tools 
for  organizing,  understanding,  and  using  data  in  decision  making 
relative  to  inventory  (supply)  and  requirements  (demand)  of  human 
resources  (28).  A  manpower  model  can  also  be  described  in  its 
narrowest  sense  as  a  mathematical  equation  that  expresses  the  manpower 
required  in  terms  of  a  specific  workload  (33:9-2).  Hence,  manpower 
modeling  is  descriptive  of  the  real  requirements  for  manpower.  In 


their  broadest  sense,  the  models  are  intuitive  algorithms;  they  become 
more  cortplex  when  statistical  methods  are  applied  and  evolve  into 
ccnplex  standards  when  fully  developed. 

Models  have  been  classified  according  to  their  use  within  an 
organization  and  the  types  of  techniques  that  are  employed.  Regardless 
of  classification  and  techniques,  the  same  model  can  be  used  for 
determining  supply  and  demand  depending  on  how  it  is  initially  defined. 

Four  types  of  models  exist:  forecasting,  organizational  change, 
optimization,  and  integration.  Forecasts  predict  the  future  within  a 
given  environment;  organizational  change  models  examine  the  past  and 
forecast  the  future,  noting  and  predicting  changes;  the  optimal  model 
describes  the  best  of  alternatives  or  situations.  These  models  cure 
synthesized  into  another  model  called  the  integration  model  (41). 

These  classifications  are  further  subdivided  into  techniques  employed 
with  models  of  the  same  classification  often  using  varying  techniques. 
The  specific  techniques  are  subjective  and  statistical.  Subjective 
techniques  are  based  on  intuition,  experience,  estimation,  and  opinion. 
Statistical  techniques  can  be  based  on  either  trends  or  on  the 
relationship  of  organizational  requirements  to  the  environment  (39). 

Specific  Models  —  Techniques  in  Manpower  Planning 

Various  models  sure  available  to  quantify  manpower,  both  in  forms 
of  supply  and  demand.  The  selection  and  use  of  a  model  depends  on  many 
factors,  such  as  data  type  and  availability,  organizational  desires. 


and  capabilities.  The  results  of  models  vary  with  the  techniques 
employed  and,  as  has  been  discussed,  can  be  categorized  (41).  The 
following  is  a  descriptive  cortpilation  of  manpower  models  by  categories 


,1.  ..  .V 


Forecasting  Model/  Subjective: 

Judgmental :  Intuition  and  estimation  based  on  management 
opinion.  Technique  implies  that  rranagers  are  aware  of  future  develop¬ 
ment  and  changes  in  workload,  so  that  they  can  estimate  manpower  (39). 

Delphi;  Involves  repeated  interactions  of  subjective, 
written  estimates  by  managers  obtained  by  questionnaire  and 
administered  and  collected  anonymously.  When  information  has  been 
collected,  it  is  sumnarized  and  distributed  to  participants  for 
analysis  of  the  reasoning  behind  all  individual  estimates.  The  cycle 
is  repeated  until  an  agreement  is  reached.  Keys  to  this  techniques  are 
exact  problem  definition  and  questioning  and  feedback  (41). 

Staffing:  Developed  from  surveys  and  historical  records  of 
desired  manpower  strengths  and  distributors  based  on  a  level  of 
activity.  Primarily  a  service  organization  model  (5). 

Ratio  Analysis:  Projections  based  on  trends  of  the  ratio  of 
indirect  personnel  to  direct  personnel  (14). 

Correlation  Analysis:  Relates  business  indicators  to  direct 
labor  staffing  levels  by  historical  trend  data.  Subjective 
interpretations  of  the  future  (14). 

Forecasting  Model,  Statistical: 

Job  Analysis:  Projects  tasks  to  be  performed  to  acccnplish 
objectives  and  assigns  workloads  based  on  standard  times  to  acccnplish 
tasks.  This  determines  required  manpower  (41). 

Organizational  Change  Model,  Statistical: 

Markov  Analysis:  Uses  a  probabilistic  framework  to  determine 


movement  within  jobs.  This  movement  can  be  caused  by  promotion, 


retirement,  or  resignation.  The  probability  of  movement  is  used  to 
predict  the  need  and  extent  of  staffing  (41). 

Renewal  Approach:  Considers  replacement  potential  external 
to  the  organization,  a  version  of  Markov  Analysis  (41). 

Regression  Analysis.  Defines  staffing  needs  in  terms  of 
relationships  between  variables  and  vrorkloads.  The  variables  assume 
the  role  of  indicators  or  descriptors.  It  assumes  that  a  relationship 
exists  and  shall  continue  to  exist  (5). 

Optimization  Model,  Subjective: 

Goal  Programning:  Relates  needs  to  organizational  objectives 
and  is  a  refinement  of  linear  programning  techniques.  It  tests 
manpower  goals  alternatives  by  examining  the  discrepancies  between 
targets  and  results  (41). 

Optimization  Model,  Statistical: 

Assignment  Model:  Determines  optimal  staffing  under  a  set  of 
mathematically  expressed  constraints.  It  allocates  workload  demand 
among  work  centers  so  that  resources  are  best  utilized  (4). 

Integration  Model: 

Simulation:  Using  statistical  techniques,  a  ccnputer  model 
is  developed  for  an  organization  under  change.  Requirements  are 
determined  by  flows  through  the  system  (41). 

The  choice  among  model  types  depends  on  organizational  enphasis 
and  desires.  Subjective  models  are  good  since  management  is  involved 
in  the  process,  and  since  the  models  used  are  not  ccnpl ex;  it  is, 


however,  limited  in  its  ability  to  handle  large  scale  decisions  where  a 


statistical  technique  would  best  be  used.  Ideally,  a  combination  of 
various  methods  could  be  employed.  An  exanple  of  this  would  be  the 
application  of  regression  analysis  where  expected  values  of  explanatory 
variables  are  obtained  by  collecting  management  opinion  (39).  Other 
examples  include  the  Resource  Allocation  and  Control  Technique  —  a 
linear  programming  technique  that  compares  a  work  center  manpower 
workload  to  manhours,  skills,  costs,  and  output  to  determine  staffing 
levels  (4).  A  combination  of  simulation  and  linear  equations  can  be 
found  employed  in  a  model  based  on  the  Graphical  Evaluation  and  Review 
Technique  (2).  Applications  of  various  techniques  are  appropriate. 

No  general  method  for  manpower  planning  applies  to  all 
organizations  (39).  There  cure,  however,  some  items  that  cure  comton  to 
many  manpower  planning  processes: 

Estimate  Requirements 

Obtain  Management  Opinions 

Forecast  Levels  of  Activity 

Conpare  Previous  Forecasts 

Translate  Forecast  Levels  into  Workloads 

Make  Adjustments  for  Overhead  and  Productivity 

Translate  Workload  Factors  into  Requirements  (4;  39) 

Even  though  great  progress  in  manpower  planning  has  been  made  over 
the  years,  its  general  acceptance  throughout  industry  is  not  as  great 
as  expected.  Manpower  pieinning  appears  to  be  an  area  of  human 
resources  planning  that  has  not  reached  fruition  (29).  Military 
organizations  have  generally  been  more  sophisticated  about  manpower 
planning  than  civilian  industry  (4). 


Manpower  planning  in  the  Air  Force  provides  inputs  to  the  FYDP 
and  PPBS  —  the  Department  of  Defense's  equivalent  of  strategic  and 
tactical  pieinning.  Inputs  are  in  the  form  of  manpower  required  to 
maintain  the  force.  Outputs  from  these  plans  are  also  obtained  as 
manpower  requirements  for  new  programs  or  weapons  systems.  Manpower 
levels  contained  in  these  documents  are  those  authorized  and  approved 
for  distribution;  the  levels  support  the  programs  contained  in  the 
FYDP  (37). 

To  determine  general  manpower  requirements  at  work  center  level, 
the  Air  Force  has  developed  a  Management  Engineering  Program.  The 
control  of  this  program  is  placed  under  the  Air  Farce  Management 
Engineering  Agency.  This  agency  has  many  detachments ,  called  teams, 
located  throughout  the  Air  Force.  The  Management  Engineering  Team 
(MET),  located  at  a  major  command  (MAJOCM)  level,  is  called  a  conmand 
MET  and  assists  a  MAJCOM  in  applying  its  manpower  program.  Functional 
METs  are  detachments  that,  among  other  things,  are  responsible  for 
developing  and  maintaining  manpower  standards  for  work  centers  grouped 
by  function  (33).  Manpower  standards  and  guides  are  the  tools  used  to 
determine,  by  application,  required  levels  of  manpower  (37).  These 
techniques  are  merely  conponents  of  the  manpower  planning  techniques 
that  have  already  been  examined.  The  basic  techniques  are  the  same 
except  that  they  are  nuch  more  defined  and  vary  in  method  of 
application. 


Manpower  planning  techniques  employed  by  the  Air  Force  deal  with 
internal  demand  planning.  That  is,  the  techniques  attenpt  to  identify 
manpower  required  (demanded)  to  perform  a  function.  Techniques  in  use 


can  be  identified  as  forecasting,  organizational  change,  and  optimal 
models  of  manpower  planning  using  statistical  analyses.  These 
techniques  are  in  use  by  Air  Force  manpower  planners: 

Ratio  Analysis:  Applicable  to  a  single  location,  site,  or  work 
center  unit.  Times  are  developed  for  use  in  an  equation.  Manpower  is 
expressed  in  the  form  of  time  to  do  a  unit  of  work.  It  also  applies  to 
snail  population  sanples. 

Simulation:  Used  solely  to  determine  manning  requirements  for 
aerospace  vehicle  maintenance  system;  a  mathematical  model  that  deter¬ 
mines  system  behavior  and  manning  influence  based  on  varying  inputs. 

Regression  Analysis:  Used  primarily  and  is  appropriate  for 
multiple  locations.  It  enploys  a  mathematical  equation  that  predicts 
manhours  in  terms  of  workload  factors  (33:9-5). 

These  techniques  are  highly  similar  to  those  previously  presented 
and  serve  to  demonstrate  that  Air  Force  techniques  are  merely  adapta¬ 
tions  of  general  concepts.  What  is  unique  about  these  techniques  is 
their  application.  They  are  applied  in  a  well-defined  and  structured 
manner. 

Air  Force  Regulation  25-5  series  provides  a  framework  for  adopting 
manpower  concepts  and  gives  detailed  explanations  on  how  to  do  so. 
Essentially,  the  application  process  framework  involves  these  main 
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areas:  feasibility  study,  study  planning,  and  implementation  (see 
Figure  1 ) .  Study  planning  is  further  broken  down  into  measurement 
design,  work  measurement,  and  model  selection  phases.  These  are 
the  general  steps  used  in  applying  the  manpower  planning  process. 


*  Feasibility 

*  Study  Planning 

**  Measurement  Design 
**  Work  Measurement 
**  Model  Selection 

*  Inplementation 


Figure  1.  Manpower  Study  Framework 


Feasibility  Phase.  The  feasibility  phase  involves  a  decision 
making  process  and  is  the  basis  for  standards  development.  In  this 
phase,  the  area  to  be  studied  is  analyzed  on  a  macro  scale  and 
determinations  are  made  regarding  the  basic  complexity  of  the  study. 
The  reason  for  the  study  is  to  evaluate  the  need  for  a  standard,  to 
determine  appropriateness  of  standards  development,  and  to  scope  the 
function  under  study  to  get  a  feeling  for  its  functions  and  require¬ 
ments.  Information  gathered  and  decisions  made  in  this  phase  form  the 
basis  for  future  study  actions.  Organizational  structure  is  analyzed 
and  general  requirements  are  roughly  defined  by  reviewing  regulatory 
requirements  and  functional  mission  statements  and  administering 


questionnaires.  Specific  functional  requirements  of  the  area  under 
study  are  outlined  to  determine  its  taskings  for  the  development  of 
a  work  center  description  and  workload  factor(s).  Units  of  measure  of 
work  are  analyzed  as  possible  descriptors  of  workload  (i.e. ,  workload 
factors).  Job  complexity,  scope,  and  standardization,  as  well  as 
organizational  size  and  stability,  are  observed  for  inpact.  These 
measures  combine  with  identified  workload  factors  to  link  measures  to 
specific  categories  of  work  represented  in  the  work  center  description. 
Any  possible  link  that  can  be  classified  as  collectible  and  rela table 
is  identified  for  potential  future  use.  The  concept  of  collectibility 
refers  to  the  ease  of  which  the  link  represents  the  work  performed; 
that  is,  does  the  factor  accurately  describe  and  measure  the  work. 

This  phase  does  focus  on  operational  efficiency  and  the  degree  to  vrtiich 
the  function  is  standardized  according  to  regulatory  requirements 
(33:3-1) . 

Study  Plan  Phase.  The  study  plan  phase  occurs  when  specifics 
are  defined  and  analyzed.  In  this  phase,  actual  study  goals  and 
requirements  are  determined,  responsibilities  defined,  and  the  type  of 
statistical  study  to  be  performed  is  determined.  A  Type  I  analysis 
uses  engineered  elemental  times  such  as  Methods  Time  Measurement  and 
work  sampling  while  a  Type  II  analysis  deals  with  these  methods  as  well 
as  operational  audits.  Type  HI  analysis  involves  historical  data, 
minimum  manning,  and  staffing  pattern  techniques.  Types  I  and  II  are 
described  as  measured  approaches;  Type  III  is  considered  non-measured. 
This  is  due  to  the  degree  of  sophistication  of  the  techniques  used  (33). 
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Measurement  Design.  Under  measur ament  design,  a  specific 


work  center  description  is  derived  from  the  feasibility  phase  results. 
The  description  breaks  work  into  elemented  categories,  and  the 
categories  are  used  for  work  measurement.  To  insure  that  all  tasked 
work  is  measured  is  the  purpose  of  the  work  center  description.  A 
statement  of  conditions,  which  identifies  and  describes  conditions 
under  which  work  is  performed,  is  also  developed.  This  statement 
identifies  extraneous  factors  that  impact  on  work  requirements  or 
performance.  Additionally,  specific  workload  factors  are  determined 
for  measurement.  Areas  that  sure  not  applicable  across  functions 
analyzed  are  identified  as  additives,  exclusions,  or  deviations  and 
merit  further  study.  The  general  approach  to  measurement  design  is  to 
determine  study  locations,  work  center  descriptions  (WCD) ,  statements 
of  condition  (SOC),  workload  factors  (WLF) ,  and  particular  study 
techniques;  from  there,  the  work  measurement  phase  evolves  (29:7-1). 

Work  Measurement,  Model  Selection,  and  Implementation.  Data 
collection  methods  are  based  upon  the  type  of  technique  chosen  in  the 
measurement  design.  It  is  in  this  area  that  the  design  is  implemented 
assumptions  validated,  and  data  obtained  for  model  selection.  Data  is 
analyzed  by  comparison  to  frequencies  and  applied  to  the  statistical 
techniques  previously  discussed.  Rough  analyses  are  made  by  graphing 
unit  times,  task  frequency  counts,  ratios  of  direct  and  indirect 
manhours  and  the  like.  A  quantified  expression,  equation,  or  model 
is  developed  that  describes  manpower  in  terms  of  workload  factors. 
Ultimately  the  model  selected  must  satisfy  statistical,  logical, 
realistic,  and  economic  constraints.  Statistical  constraints  relate 


to  those  that  are  applicable  to  the  specific  technique  chosen;  collec¬ 
tibility  and  relatability  involve  logical  constraints.  Realistic 
criteria  are  met  when  determined  manhours  increase  over  the  range 
of  workload  factors,  while  economy  is  demonstrated  by  increases  in 
determined  manhours  as  workload  factors  increase.  All  that  remains  is 
to  inplement  the  standard  at  the  work  center  level,  thereby  determining 
the  manpower  requirements  for  those  functions.  The  resultant  standard 
can  be  classified  as  one  applicable  to  a  single  or  multiple  location 
(33). 

Additional  Considerations .  As  there  is  no  general  method  for 
manpower  planning  for  all  organizations,  methods  must  be  specifically 
developed  or  conmon  elements  used.  The  particular  method  presented 
here  is  the  method  used  in  Air  Force  manpower  planning  and  standards 
development. 

Specific  steps  involved  in  determining  the  composition  of  the 
application  process  have  not  been  discussed.  A  review  of  how  to 
determine  a  W2D,  SOC,  WLF,  as  well  as  statistical,  realistic,  and 
economic  criterion  will  be  discussed. 

A  WCD  can  be  thought  of  as  a  listing  of  work  for  which  a  function 
is  responsible.  This  listing  breaks  work  down  into  grouped  categories 
to  measure  required  manhours.  It  is  the  key  to  developing  accurate 
workload  factors.  A  WCD  is  determined  by  analyzing  overall  work 
requirements  and  logically  and  subjectively  breaking  them  down  into 
categories  based  on  a  classification  system.  The  system  stresses 
categorization  by  work  flow  and  conmon  characteristics  such  as 
methods  or  procedures.  It  defines  direct  and  indirect  work  as  major 


categories.  Direct  work  describes  all  tasks  that  represent  a  unit  of 
work  for  the  function.  Indirect  work  includes  all  time  when  an 
individual  is  not  available  for  work  due  to  leave,  illness,  or  military 
or  organization-related  corrmitments  (34:17-1). 

An  SOC  describes  impacts  of  work  conditions  to  the  work  performed. 
It  functions  as  a  complement  to  the  WCD  and  results  appear  through  the 
standard  and  the  WLF.  The  SOC  considers  climatic,  layout,  and 
automated  conditions.  Identified  conditions  are  related  to  appropriate 
tasks  by  the  use  of  a  SOC  matrix.  It  is  frcm  this  matrix  that  impacts 
and  limitations  can  be  determined  (34:19-1). 

Four  functions  are  used  to  dr^rmine  workload  factors.  Determined 
first  are  taskings  specified  in  directives  that  state  work  require¬ 
ments.  Inputs  into  the  functional  area  frcm  these  taskings  cure 
obtained  next  and  related  to  actual  work  performed.  The  work  performed 
by  category  is  directly  related  to  outputs,  that  is,  tangible  work 
produced.  Relationship  diagrams  are  established  to  show  the  flow  of 
work  frcm  input  to  task  to  output.  Hie  relationships  establish  the 
basis  for  a  workload  inpact  matrix  that  relates  factors  and  categories 
of  work.  Frcm  this,  the  more  times  a  factor  appears  as  a  function  of  a 
task,  the  better  descriptor  it  is  of  the  task  (e.g. ,  number  of  vouchers 
processed  in  an  accounting  system).  As  discussed,  WLFs  must  be  collec¬ 
tible  and  rela table,  but  they  must  also  be  nutually  exclusive,  under¬ 
standable,  auditable,  and  collectively  exhaustive  of  all  taskings  (34). 

Standards  allow  for  personal  time,  fatigue,  and  delay.  An 
allowance  is  represented  as  a  percentage  of  time  that  the  worker  is 
unproductive  due  to  circumstances  beyond  his  control;  its  concept  is 


well  based  in  classical  industrial  engineering  techniques.  Approxi¬ 
mately  15  percent  of  task  time  is  an  allowance  (34:27-1).  This 
equation  shows  the  time,  in  minutes,  permitted  for  allowances  per 


individual : 


480  mi nutes/wor kday 

480  minutes/workday  -  (P  x  480  mi nutes/ workday ) 
where  P  represents  an  appropriate  allowance  percentage 


Regulatory  requirements  specify  statistical,  realistic,  and 
economic  criteria.  These  criteria  are  shown  in  Table  I  (33).  Criteria 
are  used  in  determining  the  suitability  of  the  developed  model  to 
accurately  describe  manpower  requirements.  The  criteria  are  based  on 
statistical  techniques  of  variance  and  regression  analysis  which  have 
yet  to  be  discussed  and  are  presented  here  to  provided  a  complete 
discussion  of  manpower  planning  standards  and  techniques  as  applied 


in  the  Air  Force. 


Table  I 


Modeling  Criteria 


Model 


Realistic  Economic 


Statistical 


|i  =  bo+i3lxi+1:52x2  .  .  bQ  >  0  when  realistic 


R  >  .75 


F  >  F 


.05,V1,V2 


R  >  .50 


F  >  F 


.1,V.,V- 


Summary 

A  review  of  the  literature  on  manpower  planning  shows  that 
planning  manpower  requirements  are  necessary  for  organizational 
viability  and  efficiency.  Planning  the  human  element  has  been  directly 
tied  to  overall  organizational  planning.  Additionally,  the  supply  and 
demand  of  people  must  be  considered  when  planning.  The  many  and  varied 
techniques  of  manpower  planning  apply  to  many  different  types  of 
organizations.  Which  method  to  apply  varies  with  organizational 
factors,  while  there  is  no  standard  method  to  apply  the  techniques. 

One  organization  that  applies  manpower  planning  techniques  and  has 
a  specific  method  to  apply  them  is  the  Air  Force.  The  Air  Force  uses 
regression  analysis  as  its  main  planning  requirements  determinant. 
Manpower  planning  in  the  Air  Force  has  been  tied  to  the  PPBS  and  the 
FYDP;  it  is  linked  with  long-range  planning.  The  techniques  in  use  are 
merely  a  subset  of  the  overall  body  of  knowledge  known  as  manpower 
planning  techniques.  They  have  both  evolved  in  a  similar  fashion  — 
ranging  fran  intuitive  estimates  to  time  standards.  Manpower  planning 
is  accanplished  by  standards  development  using  a  defined  procedure  that 
seeks  to  define  manpower  requirements  in  terms  of  workloads.  Once  work 
functions  and  influencing  factors  have  been  defined  and  analyzed,  the 
data  obtained  is  used  to  produce  a  quantifiable  expression  —  a  model 
or  an  equation  —  to  express  manpower  requirements.  Of  the  framework 
presented,  the  heart  is  the  study  phase  where  design,  measurement,  and 
selection  coirponents  are  involved.  These  three  _^.tonents  combine  to 
represent  the  methodology  of  the  problem. 
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A  specific  set  of  procedures  used  to  develop  a  generic  manpower 
standard  for  MAJOQM  Engineering  and  Services  organizations  is 
presented.  The  method  draws  upon  concepts  and  techniques  already 
discussed?  it  features  the  elements  of  pilot  study,  work  sampling, 
and  regression  analysis.  In  order  to  appreciate  the  selection  and 
application  of  these  techniques,  it  is  necessary  to  understand  their 
framework  and  general  tenets. 

Barnes  (1)  proposes  a  general  problem  solving  framework  that  is 
appropriate  for  a  standards  development  process  which  is  akin  to  the 
various  phases  described  in  Air  Force  Standards  development  literature. 
His  proposition  includes  defining  and  analyzing  the  problem,  listing 
possible  solutions,  evaluating  alternative  solutions,  and  ultimately 
recommending  —  all  closely  related  to  the  feasibility,  study,  and 
inplementation  phases  <  1 ) . 

Before  applying  this  structure,  a  pilot  study  can  be  performed  as 
an  exploratory  tool  to  determine  the  ultimate  approach  to  the  problem 
(13:88).  Central  to  the  investigation  are  the  methods  analysis,  work 
measurement,  units  definition,  and  performance  measurement  steps. 

These  four  steps  seek  to  define  tasks  and  measure  performance  levels 
through  productivity  over  a  period  of  time  (19). 


An  approach  in  applying  these  problem  solving  elements  involves 
relating  tasks  to  the  amount  of  time  required  to  perform  them.  Time 
study,  predetermined  motion  times,  standard  data,  or  work  sampling 
techniques  are  used  to  establish  a  basis  for  required  times.  When 
developing  work  times,  there  is  no  interest  in  improving  work  methods 
but  rather  to  describe  the  time  needed  for  present  taskings.  Interest 
can  be  in  elemental  times  of  specific  operations  or  of  general  classi¬ 
fication  of  tasks  for  an  entire  job.  Using  the  latter  technique,  the 
object  is  to  determine  the  time  spent  to  accomplish  a  like  group  of 
tasks  over  a  given  period.  A  grouped  task  considers  the  individual 
responsibilities  of  each  function  as  an  operation  without  regard  to 
the  sequences  required  to  perform  the  operation  (1).  Regardless  of 
chosen  methods,  measures  oust  be  reasonably  representative  of  the 
tasks,  relatively  consistent,  quantifiable  through  units  of  output, 
and  have  a  volume  sufficient  to  warrant  measurement  (7).  This  research 
used  work  sampling  techniques  to  gather  data  and  regression  analysis  to 
transform  that  data  into  appropriate  manpower  standards. 

Work  Sanplinq 

The  technique  of  work  sairpling  was  chosen  to  determine  the  amount 
of  time  spent  by  organizational  elements  performing  various  categories 
of  jobs  at  the  MAJCOMS  to  be  studied.  Work  saxtpling  is  a  technique 
that  relies  on  statistical  sample  procedures  that  seeks  to  determine 
the  proportions  of  time  spent  by  an  activity,  nan,  or  machine  in  each 
ccnponent  of  total  work  activity  (25).  Its  application  can  be  likened 
to  taking  a  snapshot  of  the  job;  that  is,  there  is  a  gap  between  sanple 
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readings  and  occurrences  (20).  It  is  best  used  when  time  between  task 
repetition  (cycle  time)  is  long,  people  work  as  a  group,  or  when  time 
study  is  considered  inappropriate.  It  requires  standard  methods  of 
job  acccnplishment  based  on  written  instruction.  It  can  measure  the 
production  delay  caused  through  man-machine  interfaces,  measure  a 
worker  task  performance  index,  or  establish  time  standards  (1). 

Basis.  The  technique  is  based  on  the  laws  of  probability  and  the 
central  limit  theorem.  It  assumes  that  if  an  average  saxtple  from  a 
population  is  sufficiently  large,  the  sanple  will  be  representative  of 
the  characteristics  of  the  population  (1).  By  enploying  the  central 
limit  theorem,  normality  of  the  sample  distribution  is  implied.  The 
sanple  is  random,  hence  reducing  the  chance  of  bias  (1).  What  this 
means  for  practical  application  is  that  after  repeated  sanples  or 
observations,  the  average  percentage  of  time  spent  performing  the 
various  groupings  of  tasks  is  descriptive  of  the  total  job  and  the 
distribution  of  the  percentages  is  normal.  It  also  permits  the 
determination  of  a  statistically  acceptable  sanple  size  by  approxi¬ 
mating  a  binomial  distribution.  (Individual  observations  can  be 
thought  of  as  binomial  —  either  productive  work  was  observed  or  it 
was  not.)  (20)  Work  sanpling  techniques  are  related  to  time  standards 
by  developing  unit  times  required  to  perform  each  grotping  of  tasks  for 
a  total  job.  The  sum  of  unit  tines  represents  the  total  time  required 
to  perform  all  job  task  requirements.  The  following  equation  is 
appropriate  (1): 


Task 

Unit 

Time 


Total  Time 
Available  x 
In  Study 


Percentage  of  Observations 
Spent  Performing 
Specific  Task 


+  Allowances 


Number  of  Units  of  Wbrk  Produced  by 
Specific  Task 

Procedure.  A  work  sampling  study  is  developed  and  implemented 
through  specific  procedures: 

1.  Divide  the  work  tasks  of  the  function  under  study  into 
categories.  Group  the  tasks  according  to  specific  operations  and  not 
by  each  step  of  each  operation. 

2.  Determine  the  degree  of  accuracy  and  confidence  desired  and 
the  percentage  that  each  task  comprises  of  the  total  function  (These 
items  relate  to  the  amount  of  error  that  is  acceptable  in  the  results.) 

3.  Determine  the  number  of  observations  required  by  applying  the 
following  formula: 


(Z)2  p  (1-p) 


where 

n  =  sanple  size 
A  =  absolute  accuracy 

Z  =  normal  Z  value  appropriate  for  number  of 
acceptable  standard  deviations  corresponding 
to  the  desired  confidence  levels 

p  =  mean  percentage  of  task  occurrence 

4.  Determine  the  time  period,  days,  weeks,  or  months,  to  conduct 
the  study. 
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5.  Determine  the  sampling  plan  for  observations  by  determining 
when  observations  will  be  taken  by  randan  sanpling  throughout  the 
observation  period.  Also  determine  the  condition  under  which  sanpling 
should  occur  so  that  bias  will  be  reduced.  Bias  can  stem  from  observer 
classification  to  participant  expectancy  (1;  20). 

Research  on  the  numbers  of  observations  and  study  span  required 
for  work  sanpling  techniques  revealed  that  "at  best,  the  decision  is  an 
educated  guess"  (22).  There  is  no  general  consensus  among  the  experts 
as  to  absolute  sample  sizes  (in  total  or  per  individual)  nor  duration 
of  a  study;  general  rules  of  thumb  do,  however,  exist.  The  rules  of 
thumb  are  largely  subjective  and,  thereby,  permit  a  wide  range  of 
methodology  designs  so  long  as  sane  validation  is  possible. 

The  value  obtained  from  statistical  calculations  of  sample  size 
must  be  interpreted  in  view  of  the  goal  of  a  study.  If  calculations 
revealed  that  743  observations  were  required  and  the  study  goal  was 
to  determine  the  functions  performed  by  all  service  managers,  743 
observations  would  be  required,  in  total,  frcm  the  entire  group  of 
managers.  If  the  goal  were  to  determine  the  functions  of  a  single 
manager,  743  observations  would  be  required  of  that  manager  (22). 

Study  span  considerations  dictate  the  representativeness  of  the 
activity  during  the  period  under  study  such  that  the  constraint  of 
seasonal/cyclic  effects  will  not  bias  results.  The  cycle  nust  be  long 
enough  to  minimize  bias.  The  sanple  should  cover  two  or  more  weekly/ 
monthly/quarterly  cycles. 

Given  these  considerations,  experts  contend  that  thousands  of 
sanples  sure  required  to  establish  a  time  standard  using  work  sanpling 


techniques.  With  a  1  to  2  percent  accuracy  level,  at  most  10,000 
samples  would  be  required.  A  lesser  number  is  more  often  sufficient 
for  a  lesser  degree  of  accuracy.  Barnes  (1)  states  that  roughly  4,000 
observations  are  sufficient.  If  "p"  is  not  small,  a  good  sanple 
estinate  is  1,000  (1;  22). 

Work  sampling  techniques  have  great  appeal  and  application  as  they 
are  relatively  siirple  to  use  and  can  be  used  when  other  methods  are  not 
possible.  Reliability  and  validity  considerations  are  represented  in 
the  saitple  size  used.  Additionally,  observation  periods  can  be 
extended  thereby  eliminating  cyclic  variations.  Errors  can  creep  into 
sanpling  plans  due  to  incorrect  classifications  of  observations  as 
changes  in  work  habits  in  response  to  observations  (1). 

* 

Diary  Studies 

Office  work,  especially  that  of  managers  at  various  levels,  has 
been  characterized  in  management  literature  as  a  massive  amount  of 
work  performed  at  a  quick  pace.  This  necessitates  work  that  is  current 
in  issue  and  requires  brief,  varied,  and  fragmented  periods  of  work. 
There  is  interest  in  the  general  nature  of  work  because  if  work 
distributions  and  management  processes  are  known,  then  an  insight  is 
gained  into  how  to  handle  the  work  environment  (23). 

There  have  been  a  few  studies  of  the  nature  of  work  in  recent 
years;  the  most  famous  of  these  studies  was  one  by  Rosemary  Stewart 
(1967)  and  another  by  Henry  Mintzberg  (1973).  Among  other  things, 
these  studies  described  the  distribution  of  work  —  not  from  a  job 
category  standpoint  but  fran  a  content  and  contact  perspective  —  that 


is,  they  classified  work  into  the  type  of  things  done  and  the  environ¬ 
ment  in  which  they  were  performed. 

These  researchers  used  a  diary  method  to  obtain  their  data.  The 
diary  method  is  essentially  work  sampling  only  observations  of  work 
are  made  by  the  individual  being  studied  and  not  by  an  observer. 

It  employs  the  use  of  a  form  that  categorizes  factors  it  desires  to 
measure  and  requires  the  individual (s)  under  study  to  merely  check  the 
most  appropriate  grouping  at  a  specified  time  that  describes  the  type 
of  work  being  done  and  its  environment.  In  essence,  the  users  of  the 
form  are  the  individuals  under  study.  This  method  has  been  found  to 
be  efficient  for  collecting  data  from  a  large  number  of  people. 

In  Mintzberg's  study  of  five  executives,  he  discovered  that  a 
typical  day  consisted  of  seven  work  sessions,  thirty-six  items  of 

s 

correspondence,  five  phone  calls,  eight  meetings,  and  one  tour. 

A  breakdown  in  percentages  of  time  spent  doing  such  things  and  with 
whan  as  reported  in  Stewart's  and  Mintzberg's  studies  can  be  found 
in  Table  II.  It  is  important  to  be  aware  of  these  studies,  their 
methodologies,  and  their  findings,  as  all  can  be  related  to  the 
distribution  of  work  by  job  category  (23). 

Regression  Analysis 

Regression  analysis  techniques  have  been  chosen  to  correlate 
units  of  measure  for  various  work  sampling  categories  of  tasks  in  the 
development  of  a  time  standard  for  the  functional  area  under  study. 
"Regression  analysis  is  a  technique  used  to  study  the  relationship 
between  measurable  variables"  (8).  It  seeks  to  investigate 
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relationship  strengths  (predictions)  or  the  nature  of  relationships 
(explanatory)  (21).  It  determines  if  one  variable  is  affected  by 
changing  values  of  another  variable  and  tests  relationships  by  fitting 
a  line  through  data  points  to  represent  and  estimate  relationships 
(22).  "Regression  analysis  techniques  are  used  as  tools  to  evaluate 
a  stated  mathematical  association  between  variables"  (34:33-11).  The 
examination  of  relationships  within  the  population  from  the  sanple 
data  is  the  result  of  an  inferential  process  that  will  determine  which 
variables  cure  closely  related  to  other  variables.  The  establishment  of 
linear  dependence  of  one  variable  on  another  variable  represents  the 
descriptive  process  (26).  Among  its  various  applications,  regression 
analysis  cam  be  applied  to  establishing  time  standards  and  manpower 
determinations.  "Regression  analysis  is  the  method  of  finding  the 
mathematical  equation  that  best  predicts  man-hours  in  terms  of  one 
or  more  workload  factors”  (33:9-1). 

Assumptions.  Regression  analysis  techniques  require  that  certain 
assumptions  be  accepted  in  order  to  use  the  techniques.  The 
assunptions  include: 

1.  Linear,  straight  line,  relationship  between  independent 
(predictor)  variables  and  dependent  (response)  variable. 

2.  Residual  values  (the  difference  between  observed  and  predicted 
values)  cure  normally  and  independently  distributed  with  a  mean 
of  0  and  a  standard  deviation  of  1. 

3.  Interval  level  data  (22). 

Basis.  The  basis  for  regression  is  the  development  of  a  line, 
or  equation,  that  attempts  to  represent  and  estimate  variable 


The  difference  between  actual  and  predicted  values  represents  an 
error  and  is  what  the  least  squares  estimate  minimizes.  Frcm  this, 
appropriate  equation  coefficients  can  be  determined  by  taking  the 
partial  derivatives,  with  respect  to  each  desired  factor,  when  the 
least  square  distance  is  assumed  to  be  zero.  The  resulting  equations 
can  be  solved  simultaneously  to  yield  coefficients  (21;  22). 

Partitioning.  The  line  that  is  most  representative  of  the 
variable  relationship  results  in  the  smallest  sum  of  squared  difference 
between  it  and  the  data  points.  Ideally,  any  difference  will  be  zero, 
but  this  is  not  always  the  case  (21?  22).  When  the  difference  is  not 
zero,  there  is  a  failure  of  the  model  (linear  equation)  to  provide  for 
an  exact  fit;  thus,  there  is  variability  or  error  (8).  The  variability 
(error)  can  be  partitioned  into  components  explained  by  the  model  and 
components  unexplained.  Hie  concept  of  partitioning  is  crucial  to  the 
development  of  model  usefulness  criteria;  it  is  represented  in  Figure  3. 


Figure  3.  Presentation  of  Error  Partitioning 
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The  concept  of  least  squares  estimate  strives  to  keep  the  sum  of 
the  squares  of  the  difference  between  the  line  and  the  data  points  to  a 
minimum.  With  partitioning,  this  equates  to  a  minimization  of  the  sum 
of  the  squares  of  the  unexplained  error  in  the  model. 

Linearity  and  Usefulness.  A  line  can  always  be  calculated  to 
fit  data  regardless  of  the  extent  of  resulting  error.  Care  mist  be 
taken  to  insure  that  the  data  and  the  descriptive  line  are  linked  by 
a  relationship  minimizing  error  (8).  Regression  analysis  assumes  a 
linear  model  —  a  linear  relationship  between  data  and  the  dependent 
variable.  No t  all  variables  may  define  a  truly  linear  relationship, 
thereby  invalidating  regression  assumptions.  In  order  to  apply 
regression  techniques,  the  linearity  assumption  must  be  validated. 

To  do  this,  ea'.i  individual  predictor  variable  must  be  graphed  against 
its  associated  response  variable.  If  the  result  demonstrates  a  degree 
of  linearity,  then  regression  techniques  can  be  used.  If  not  linear, 
a  transformation  of  terms  to  develop  a  linear  relationship  can  be 
performed  thus  enabling  the  use  of  regression. 

Having  determined  the  appropriateness  of  the  linearity  assumption, 
a  statistical  test  is  performed  to  determine  which  terms,  as  variables, 
are  useful  in  explaining  a  significant  portion  of  error.  The  statis¬ 
tical  test  draws  upon  the  concept  of  error  partitioning  and  attempts 
to  prove  the  following  hypothesis: 

V  bj  =  0 

H  :  b .  *  0 
a  j 

where 

b.  represents  the  previously  calculated  coefficients  for 
-1  the  descriptive  equation  and  is  for  all  j  from  i  to  n. 


The  corresponding  test  statistic  for  usefulness  is: 


Reject  Hq  if: 

MSb. 

MSB  >  £l'  “ 

where 

MSb .  represents  the  sum  of  the  square  of  the  difference  of  each 
predictive  term  divided  by  its  corresponding  degrees  of 
freedom.  This  is  the  mean  square  of  the  error  explained 
by  the  model 

MSE  represents  the  sum  of  the  square  of  the  difference  of  the 
error  term  divided  by  its  degree  of  freedom.  This  is  the 
mean  square  of  the  error  unexplained  by  the  model 

n  represents  the  number  of  data  points  in  use  and  is  a  degree 
of  freedom 

K  represents  the  number  of  variable  terms  and  associated 
coefficients  in  the  model 

ac  represents  the  probability  of  making  an  incorrect  decision. 

If  the  test  proves  a  rejection,  the  corresponding  variable  is 
truly  descriptive  of  the  relationship  and  is  appropriate  for  the 
model.  If  not  rejected,  the  opposite  is  true  and  the  variable  should 
not  remain  in  the  model.  With  minor  modifications,  these  hypotheses 
and  test  statistics  can  apply  to  the  single  as  wall  as  the  multiple 
regression  case.  This  test  statistic  is  performed  for  each  prospective 
model  variable.  The  model  is  then  composed  of  solely  descriptive, 
useful  terms  and,  therefore,  the  model  itself  could  be  deemed  useful. 
The  usefulness  of  the  entire  model  can  be  determined  by  applying  the 
previous  test  statistic  in  much  the  same  manner  only  substituting  the 
total  mean  square  explained  by  the  model  as  opposed  to  the  mean  square 
explained  by  the  model  with  a  single  variable  (21;  22). 


Descriptive  Concepts.  There  are  numerous  indications  that 
aid  in  describing  and  determining  variable  relationships: 

1.  The  coefficient  of  determination  is  the  ratio  of  the  sum  of 

the  squares  of  the  regression  terms  to  the  total  sum  of  the  squares. 

It  measures  the  percentage  of  total  variation  explained  by  the  model 

and  is  an  index  of  the  degree  to  which  the  model  fits  the  data.  The 
2 

value,  "r  "  can  range  from  0  to  1  with  1  representing  the  ideal  (21; 

22). 

2.  The  square  root  of  the  coefficient  of  determination  is  the 
coefficient  of  correlation.  This  is  a  measure  of  how  the  predictor  and 
response  variables  vary  with  each  other.  It  represents  or  describes 
their  relationships  in  terms  of  the  degree  of  linearity.  A  value  of 
zero  represents  no  linear  relationship  while  a  value  of  +1  describes  a 
distinct  positive  or  negative  linear  relationship.  The  concept  not 
only  pertains  to  the  predictor  and  response  variable  but  can  also 
measure  relationships  among  predictor  variables.  It  is  used  primarily 
in  simple,  one  variable  cases  or  with  only  one  variable  at  a  time.  The 
expression  assumes  the  sign  of  its  corresponding  model  coefficient. 

The  multiple  correlation  coefficient,  or  multiple  r,  pertains  to  the 
relationship  of  the  dependent,  response  variable  with  the  whole  model. 
The  nultiple  r  can  assume  a  value  between  0  and  1  (21;  22). 

3.  The  mean  square  error  has  already  been  defined.  The  model 


attempts  to  minimize  this  value.  The  lower  the  value,  the  better  the 
developed  model  fits  the  data  thereby  being  more  representative  and 
descriptive. 


4.  Residual  values  mist  be  normally  and  independently  distributed 


to  not  violate  regression  assumptions.  Residual  values  represent  the 
error  unexplained  by  the  model  and  cure  useful  in  determining  other 
factors  that  could  inpact  the  model.  If  more  than  roughly  40  percent 
lie  outside  two  standard  deviations,  normality  assumptions  cure  not 
valid  (9;  22). 

5.  Multicollinearity  represents  a  condition  where  one  or  more 
independent  (predictor)  variables  are  highly  correlated  with  another 
predictor  variable;  there  is  a  near  linear  dependency.  This  condition 
can  be  recognized  by  calculating  the  correlation  coefficient  defined 
above  and  noting  the  resultant  value.  An  "r"  value  of  .3  or  higher  is 
a  good  indication  of  multicollinearity.  The  particular  difficulty  lies 
not  with  the  whole  model  but  with  the  individual  variables.  Multi- 
correlated  variables  do  not  contribute  toward  model  development  and 
serve  only  to  create  prediction  difficulties  so  they  should  be  elim¬ 
inated.  To  eliminate,  conduct  "k"  simple  regressions  to  determine  the 
variable(s)  that  best  explain  error  but  minimize  interrelationships. 
This  procedure  should  be  repeated  using  increasingly  complex  number 

of  variables  until  the  best  model  is  obtained  (9;  22). 

6.  A  correlation  between  residual  values  is  an  indication  of 
autocorrelation.  This  difficulty  causes  false  significance  and  can  be 
noticed  by  examining  residual  values  for  any  possible  pattern.  If  a 
pattern  exists  other  than  a  random  and  symmetric  distribution  about  the 
residual  mean  value,  there  is  a  possibility  of  autocorrelation.  This 
means  that  assumptions  used  in  formulating  the  model  are  not  valid. 

Ways  to  check  include  a  visual  examination  of  residual  values  or  by 


using  the  Durbin- Watson  test.  A  value  of  approximately  2  on  this  test 
signifies  little  or  no  autocorrelation  (9).  Recheck  formulations,  add 
more  survey  time,  or  add  additional  observations  or  data  points  in 
order  to  correct  the  difficulty. 

Confidence  Interval.  A  prediction  interval  that  represents 
the  confidence  limits  for  a  single  future  observation  can  be  calculated 
from  a  statistically  derived  equation.  This  limit  serves  to  describe 
the  range  of  particular  response  variable  will  take  based  on  the 
developed  model  response.  By  a  similar  means,  a  confidence  interval 
can  be  developed  for  the  location  of  the  regression  model  equation 
through  its  data.  The  prediction  interval  is  more  useful  in 
determining  the  validity  of  the  developed  model  because  it  produces 
a  range  of  potential  responses  that  can  be  compared  to  an  established 
acceptable  range.  Hie  interval  can  be  found  by: 


h  i  tn-2,  cx/2  A+5+  <X-X)r 


£  (Xi  -  X)2 
i=l 


where 

A 

Yi  is  a  data  point  obtained  from  a  regression  model 
n  is  the  number  of  cases 

ac  is  the  probability  of  making  an  incorrect  decision 
MSB  is  the  Mean  Square  Error 
Xj.  is  the  X  value  corresponding  to 
X  is  the  original  data  point (s) 


X  is  the  average  of  the  original  data  points  (21; 22) 


Types  of  Regression.  Given  the  conplexity  and  extent  of 
calculations  required  to  perform  regression,  analysis  can  rapidly  get 
out  of  hand.  There  are  many  types  of  statistical  packages  that  am  be 
used  to  enable  complex  analyses.  These  packages  allow  the  user  to 
easily  explore  the  various  types  of  available  regression  methods 
without  repetition  and  tedious  calculations.  Three  methods  of 
regression  can  be  performed: 

1.  Forward:  This  method  begins  by  determining  the  constant  term 
(bQ)  for  the  model  equation.  Each  potential  predictor  variable  (x^)  is 
tested  for  model  inclusion;  the  variable  that  reduces  error  the  most  is 
added.  The  process  continues  until  all  available  variables  are  in  the 
model,  iterations  reach  a  well  defined  stopping  point,  or  the  remaining 
variables  do  not  reduce  error  by  a  statistically  significant  amount. 

2.  Backward:  Procedures  in  this  model  are  the  reverse  of  those 
used  under  Forward  regression.  The  model  begins  with  all  predictor 
variables  contained  and  removes  one-by-one  those  that  reduce  error  the 
least  and  are  not  statistically  significant.  This  method  proceeds 
until  directed  to  step  by  a  user  function  or  until  all  included 
variables  are  statistically  significant. 

3.  Stepwise:  This  method  is  a  ccmbination  of  Forward  and  Backward 
regressions.  It  calculates  a  partial  correlation  between  two  variables 
(the  dependent  and  independent)  and  uses  it  for  inclusion  criteria. 

The  method  begins  with  the  model  composed  solely  of  its  constant  value 
and  considers  variables  for  addition  based  on  the  highest  partial 
correlation.  After  a  variable  has  entered,  the  model  is  examined 

for  variable  exclusion.  The  process  repeats  itself  until  the  most 


statistically  significant  model  has  been  developed  or  until  stopping 
criteria  is  reached  (21). 

Model  Determinant  Factors.  When  examining  the  product  of 
statistical  packages,  the  following  indicators  should  be  used  to 

determine  the  most  descriptive  model: 

2  2 

1.  Increasing  "r  Variables  that  contribute  to  increasing  "r  " 

are  candidates  for  model  inclusion.  As  this  represents  the  degree  to 
which  the  model  fits  the  data,  it  is  sufficiently  descriptive  of 
reality  and  measures  the  amount  of  variation  explained. 

2.  Decreasing  Mean  Square  Error:  Mean  Square  Error  deeils  with  the 
error  unexplained  by  the  model;  the  goal  is  to  reduce  the  factor.  With 
decreasing  Mean  Square  Error,  the  goal  is  being  achieved  there  by 
transferring  variation  to  that  explained  by  the  model.  Reality  again 
is  accurately  represented. 

3.  Variable  Significance:  If  the  prospective  incoming  variable 
passes  the  usefulness  test  statistic,  it  should  be  included  in  the 
model.  This  means  that  the  variable  is  useful  in  describing  a 
relationship  and  represents  a  decreasing  Mean  Square  Error. 

4.  Coefficient  Stability:  If  regression  coefficients  are  stable 
from  succeeding  step  to  step,  then  the  addition  of  another  variable 
does  not  greatly  alter  the  coefficients  of  the  equation  fitted  to 
the  data.  This  helps  show  a  linear  relationship  among  factors  and 
respective  data. 

By  applying  these  four  concepts  a  model  can  be  selected  that  best 
represents  reality.  There  are  no  hard  and  fast  rules  regarding  use 


of  these  criteria.  The  best  model  results  from  a  general  consensus 
or  agreement  of  all  indicators. 


Approach.  A  specific  procedural  approach  is  used  for  the 
application  of  this  technique: 

1.  Sketch  the  relationship(s)  of  response  and  predictor 
variable (s)  to  test  the  appropriateness  of  linearity 
assumptions. 

2.  Determine  the  coefficients  of  determination  and 
correlation.  Analyze  these  factors  as  wall  as  checking 
for  multicollinearity. 

3.  Determine  appropriate  coefficients  for  the  model  being 
examined  (i.e. ,  simple  or  nultiple  regression). 

4.  Test  the  usefulness  of  each  individual  coefficient  in 
describing  the  modeled  relationship  and  reducing  error. 

The  usefulness  of  the  entire  model  can  also  be  examined 
using  the  same  procedures. 

5.  Plot  residual  values,  check  for  autocorrelation,  and  check 
for  normality. 

6.  Infer  relationships  and  select  the  most  appropriate  model 
using  model  determinant  procedures. 


Justification  of  Techniques 

The  techniques  proposed  to  determine  a  generic  manpower  standard 
are  appropriate  for  this  problem.  There  is  no  one  best  way  to  measure 
work  activity;  it  depends  on  the  situation  and  the  way  the  job  lends 
itself  to  measurement  (7).  Work  sanpling  is  recommended  where  work  is 
not  repetitive  and  there  are  no  standard  units  of  work.  This  type  of 
work  is  normally  found  in  an  office  environment  (43). 

Little  distinction  has  been  made  up  to  this  point  between  sinple 
and  multiple  regression.  The  concepts  and  techniques  are  the  same, 
only  nultiple  regression  deals  with  several  independent,  predictor 
variables.  Regression  analysis  is  the  foremost  tool  of  statistical 


analysis.  It  is  used  to  examine  relationships  between  a  single 
variable  and  the  other  variables  (18).  Because  this  research  attempts 
to  define  required  manhours  for  various  work  centers  in  terms  of 
workload  factors,  regression  analysis  techniques  are  appropriate. 


Specific  Methodology 

Pilot  Study.  Akin  to  the  feasibility  phase  of  the  development 
process,  a  pilot  study  was  used  to  gain  a  macro-perspective  of  the 
difficulties  experienced  by  MAJCQM  Engineering  and  Services  staffs  and 
the  applicability  of  the  HQ  AFRES  study  to  these  staffs.  Each  of  the 
seven  MAJOOMs  meeting  study  criteria  was  asked  to  review  and  apply  time 
standard  methods  extracted  from  the  HQ  AFRES  study.  One  model  for  each 
of  the  directorates  was  selected  for  review.  The  staffs  reviewed 
workload  factors  for  appropriateness  and  applicability  to  their  MAJCOM 
as  well  as  compared  the  manpower  levels  presently  authorized.  The 
pilot  study  determined  MAJOOMs,  directorates,  and  branches  should  be 
studied  based  on  their  responses  of  appropriateness  and  comments. 

See  Appendix  B  for  an  exaitple  of  the  study  instrument. 

Table  III  represents  the  results  of  manpower  level  comparisons 
between  those  currently  authorized  and  those  proposed  by  the  HQ  AFRES 
branch  level  models  across  commands  surveyed.  The  comparison  used  the 
current  authorization  as  a  baseline  guide  and  assumed  that  this  level 
represented  a  satisfactory  level  of  manning.  This  assumption  can  be 
made  in  that  the  basics  of  each  function  are  being  performed  by  current 
manning.  If  required  functions  were  not  being  manually  performed  (note 
a  distinction  between  satisfactorily  performed),  trouble  will  result 
thereby  forcing  a  manager  to  obtain  additional  personnel. 


exclude  directorate  chief  and  administrative  support 


An  "excess"  listed  in  the  table  means  that  the  HQ  ATOES  proposed 
model  permitted  more  manpower  than  currently  authorized  while  a 
"shortfall"  is  the  opposite.  A  "mixed"  indication  means  that  an  access 
existed  in  some  command  results  tfiile  a  shortfall  was  found  in  others. 
As  the  table  shows,  the  Real  Estate  branch  model  accurately  describes 
manpower  levels  across  comnands;  this  is  also  true  to  a  lesser  extent 
for  the  Maintenance  Management  and  Fire  Protection  branches.  This,  for 
the  meantime,  ruled  out  study  of  these  branches  and  their  directorates. 
The  Construction  and  Housing  and  Services  areas  were  not  so  represen¬ 
tative  and,  therefore,  were  candidates  for  further  study. 

A  review  of  comments  provided  in  the  MAJOOM  evaluation  revealed, 
among  other  things,  a  strong  dislike  for  workload  factors  used  in  the 
HQ  AFRES  study.  Just  because  a  HQ  AFRES  model  projected  a  manpower 
level  close  to  a  MAJOOM' s  baseline  figure  does  not  mean  that  the 
projection  is  valid;  it  may  have  been  mathematical  luck.  For  example, 
the  Maintenance  Management  standard  is  partially  based  on  the  number  of 
tenant  unit  locations  supported.  The  level  of  support  provided  by  the 
MAJOQMs  for  tenant  units  is  totally  different  between  HQ  AFRES  and 
other  commands.  In  most  instances  HQ  AFRES  tenant  units  have  a  Civil 
Engineering  element  attached  and  it  performed  the  majority  of  work  for 
a  tenant  location  with  coordination  of  the  host  unit.  The  situation  is 
nearly  reversed  for  active  units.  There  the  HQ  AFRES  model  was  in  some 
cases  satisfactory  not  because  it  was  representative  of  workload  but 
rather  size  differences  between  ccnirands.  This  could  invalidate  models 
previously  accepted  as  satisfactory.  Anyhow,  models  never  accepted  as 


satisfactory  (i.e. ,  Engineering  and  Construction)  still  are  not 
satisfactory  and  ware  examined  first. 

The  Engineering  and  Construction  and  Housing  and  Services 
Directorates  were  identified  for  this  study  and  the  Housing  and 
Services  Directorate  was  chosen.  This  Directorate  was  chosen  because 
it  represented  the  directorate  with  the  largest  difference  between 
projected  and  baseline  figures  for  each  MAJCOM  and  projected  figures 
across  all  MAJOOMs.  The  workload  factor  used  was  rather  mission  biased 
and  not  universally  representative;  this  can  be  seen  between  the 
projected  figures  for  AFLC  and  TAC.  Additionally,  given  time 
constraints,  this  directorate  represented  the  smallest  number  of 
baseline  authorizations,  thereby  making  it  easier  to  study. 

Three  considerations  ware  given  to  the  selection  of  MAJOOMs  for 
study:  size,  mission,  and  practicality  factors.  TAC  represents  a  large 
operational  command  while  AFLC  represents  a  small  support  command  with 
large  bases.  AFSC  is  a  diverse  support  command.  These  commands  were 
receptive  to  the  study  and  all  lie  in  a  geographical  proximity. 

There  were  three  options  regarding  how  to  survey  with  potentially 
many  facets  to  each  option.  The  first  option  was  to  approach  each 
MAJCOM  involved  (after  initial  study  support  is  obtained)  and  request 
that  each  individual  under  study  be  permitted  to  take  his  own 
observations.  This  option  has  a  disadvantage  in  that  the  individual 
may  falsify  categories  on  work  performed  or  just  may  never  record 
observations.  An  alternate  MAJCOM  method  was  to  request  support  from 
them  in  the  form  of  a  person  detailed  to  work  the  project.  This  person 
needed  to  be  someone  who  is  of  adequate  intelligence  and  motivated. 


In  either  case,  training  was  required  on  what  and  how  to  do  sanpling 
as  well  as  how  to  handle  leave  and  TDY  situations.  Adequate  training 
would  be  essential  to  the  ultimate  validity.  MAJOOM  representatives 
could  have  been  able  to  offer  alternatives  to  this  approach. 

Another  method  would  be  to  request  the  support  of  a  local  MET 
office  to  lend  a  person  to  perform  work  sanpling.  This  would  have  been 
ideal  in  that  no  training  would  be  required  other  than  a  brief  study 
orientation.  Problems  exist,  however,  in  that  the  local  MET  office  had 
nothing  to  gain  by  assisting  and  had  already  scheduled  work. 

The  last  alternative  would  be  for  the  researcher  to  conduct  all 
studies.  This  would  be  the  best  method  but  was  totally  impractical 
given  time  limitations.  It  was  because  of  the  limitation  involved  that 
it  was  deemed  practical  to  have  each  individual  under  study  perform 
sanpling  of  his  own  work.  This  was  the  chosen  alternative. 

Work  Sampling.  Specific  determinations  regarding  organizational 
structure,  job  categorization,  workload  identification,  and  sanple 
planning  represent  methodology  steps  and  can  be  compared  to  study 
planning.  Here,  the  five  specific  steps  of  work  sanpling  previously 
discussed  were  developed  for  application  to  the  thesis  problem. 

AFR  26-2  and  AFR  85-7  describe  how  MAJOOM  staffs  are  to  be 
organized.  One  of  the  requirements  of  work  sanpling  is  standardization 
of  the  function  and  tasks  measured.  In  reality,  no  MAJOOM  Engineering 
and  Services  organization  is  fashioned  exactly  after  regulatory 
specifications.  This  appears  to  be  an  obstacle  to  analysis,  but  was 
realized  that  commands  had  the  same  basic  functions,  just  aligned 
slightly  differently.  Therefore,  what  initially  appeared  to  be  an 


obstacle  was  actually  no  obstacle.  Figure  4  shows  how  a  standard 
organization  would  appear  while  Table  IV  tabulates  structured 
differences  across  commands.  Appendix  C  demonstrates  procedures 
used  to  select  and  group  structural  differences.  It  also  shows  how 
functions  relate  to  a  standard  structure  and  how  this  report  chose  to 
analyze  than  as  well  as  structured  areas  identified  for  additives. 

(An  analysis  of  additive  requirements  was  not  done. ) 

The  job  responsibilities  for  each  branch  outlined  in  APR  85-7  can 
be  likened  to  general  work  center  descriptions.  For  this  analysis, 
they  functioned  as  such.  A  comparison  between  these  job  requirements 
and  those  developed  for  HQ  AFRES  showed  little  difference.  HQ  AFRES 
descriptions  were  developed  along  a  work  flow  line  and  were  slightly 
command  specific.  That  is,  they  trace  the  flow  of  work  by  describing 
each  type  of  report  processed  including  specific  processing  actions. 
AF1  85-7  taskings  ware  more  categorical  as  they  marely  state  processes 
for  example.  Categorical  work  development  is  directly  applicable 
to  work  sampling  and  was  used.  Seme  categories  ware  added  to  the 
descriptions  for  the  purposes  of  the  study.  To  accommodate  structured, 
differences,  the  descriptions  can  be  thought  of  as  modular.  That  is, 
the  same  basic  functions  are  performed  but  by  a  different  organiza¬ 
tional  element.  This  should  be  remembered  when  saxtpling.  Appendix  D 
represents  job  categories  for  work  saxtpling  for  each  branch  studied. 

Workload  factors  function  as  the  independent  or  predictor 
variables  of  the  work-to-manhour  relationship.  They  can  be  defined  as 
the  units  of  measure  expressive  of  the  manpower  required  to  accomplish 
the  responsibilities  of  a  work  center  (33). 
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Function  ' 

TAC 

AFSC 

AFLC 

MAC 

SAC 

SPACBCQM 

Programs 

Program  Dev 

X 

X 

X 

X 

X 

X 

Facilities  Req 

X  X 

combined  combined  combined 

separate 

functions 

Real  Estate 

X 

X 

X 

Engineering/Construction 

Engineering 

X 

X 

X 

X 

X 

X 

Construction 

X 

X 

X 

X 

X 

X 

Operations/Maintenance 

• 

Facilities 

X 

X 

combined 

w/maint 

joint 

X 

combined 

w/programs 

Utilities 

*  X 

X 

X 

X 

Maintenance 

X 

- 

combined 

X 

2 

staffs 

- 

Industrial 

- 

- 

- 

- 

X 

- 

Fire 

X 

X 

X 

X 

X 

under 

programs 

Housing/Services 

Housing 

2 

staffs 

X 

X 

X 

X 

combined 

Services 

X 

X 

X 

X 

X 

1.  No  data  currently  available  frcm  ATC. 

2.  An  "X"  indicates  that  a  MAJOOM  possesses  a  particular  function. 
Only  the  four  train  directorates  were  considered  for  conparison 
and  analysis. 


3.  Some  commands  title  their  functions  differently  than  the  standard 
but  their  functions  are  basically  the  same. 
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Factor  Determination.  Potential  workload  factors  for  this  study 


were  determined  subjectively  in  much  the  same  manner  as  Air  Force 
applications  dictate.  A  work  flow  was  not,  however,  developed  because 
evaluation  was  done  at  a  categorical  level  instead  of  a  specific 
task  level.  Factors  included  in  the  HQ  AFRES  study  were  not  always 
included;  items  from  the  pilot  study  were  included.  A  list  of 
potential  workload  factors  used,  by  branch,  is  given  in  Appendix  E. 

An  examination  of  taskings  by  category  as  specified  in  Afft  85-7 
provided  workload  factors  that  were  suitably  descriptive  of  the  various 
work  categories.  Additionally,  MAJOOM  responses  to  the  pilot  study 
provided  factors  that  each  MAJOOM  felt  were  appropriate  for  each  of  the 
categories  at  the  specific  MAJCOMs.  These  two  approaches  were  coupled 
with  discussions  with  functional  representatives  of  the  Housing  and 
Services  Directorates  at  each  MAJOOM  studied. •  There  was  a  general 
»  commonality  of  suggested  workload  factors.  Factors  that  were 
descriptive  and  continually  recommended  were  chosen  as  potential 
workload  factors  for  this  research. 

Sanple  Plan.  As  discussed,  the  specific  sampling  plan  was  solely 
determined  by  the  goal  of  the  study.  Modeling  analysis  was  performed 
at  the  branch  level  but  the  ultimate  goal  was  to  develop  an  authorized 
manpower  level  for  Housing  and  Services,  the  directorate  under  study. 
Therefore,  it  is  appropriate  that  the  required  sample  size  calculated 
be  applied  at  the  directorate  level  instead  of  the  branch  level.  This 
means  that  the  calculated  number  is  the  total  number  of  samples  needed 
from  the  entire  directorate  and  not  the  number  required  from  each 
suhunit  (i.e.,  branch,  section,  or  individual).  The  sanple  size  was 


distributed  over  each  subunit  so  that  each  subunit  is  sanpled  and 
analyzed,  but  the  total  number  of  sanples  taken  frcm  each  subunit 
aggregates  to  the  required  sairple  size  calculated.  Each  MAJCQM  was 
initially  analyzed  separately  so  the  sanple  size  determined  is  applied 
to  each  MAJOOM  and  not  aggregated  in  total. 

Chapter  2  presented  a  formula  for  determining  the  minimum  number 
of  samples  required  in  a  work  sanpling  study  to  assure  that  observed 
results  are  representative  of  the  actual  situation  according  to  desired 
confidence.  Applying  the  formula  results  in: 

Required  (1.96)2  (.85)  (1-.85) 

Minimum  =  - = - 

Sanple  Size  (.03r 

=  544 

• 

where 

1.96  represents  the  Z  value  corresponding  to  confidence  to  the 
second  standard  deviation 

.85  represents  the  percentage  of  time  engaged  in  sans  form  of 
productive  activity  less  15%  allowances  (1) 

.03  represents  the  absolute  accuracy  of  the  sanple  (Air  Force 

Specification  for  a  Type  I  standard  —  the  most  statistically 
accurate) 

This  equates  to  a  minimum  544  sanples  required  from  each  of  the 
Housing  and  Services  Directorates  of  each  of  the  MAJCOMs  under  study. 

A  study  span  of  two  weeks  (ten  working  days)  was  arbitrarily  chosen. 

The  number  is  appropriate  in  that  the  period  is  long  enough  to  observe 
the  entire  working  environment  but  short  enough  so  as  not  to  disturb 
it.  Any  chance  of  cyclic  work  requirements  not  being  observed  was 
greatly  reduced  as  a  second  study  of  equal  length  was  conducted  during 
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a  month  and  time  of  month  different  fran  the  first  study.  Adequate 
study  span  and  repetition  helps  insure  representativeness. 


Additional  study  parameters  dependent  upon  the  results  above  have 
yet  to  be  discussed.  The  total  number  of  observations  which  also 
inpacts  on  the  timing  of  randomness  of  the  sanple.  One  other  factor 
was  necessary  in  the  frequency  calculation  and  that  is  the  number  of 
people  involved  during  the  study  span.  This  was  defined  as  the  number 
of  people  currently  assigned  to  the  Housing  and  Services  Directorate 
of  each  studied  MAJCOM  with  the  exception  of  the  directorate  chief  and 
administrative  support.  The  manpower  figures  were  provided  by  each 
MAJCOM.  Following  are  the  calculations  used  to  determine  observation 
frequencies;  three  separate  calculations  are  shown  because  the  nunber 
of  assigned  personnel  varies  by  MAJCOM. 

=  4  observations/per  son/day 

=  12  observations/per son/day 

=  14  observations/person/day 

These  numbers  were  rounded  to  the  highest  whole  number  so  as  to 
capture  the  entire,  required  sanple.  The  numbers  equate  to  720,  550, 
and  560  observations  and  total  to  1,830  for  one  period  and  3,660  for 
two  periods.  These  numbers  are  in  excess  of  the  calculated  544  per 
MAJCOM,  but  it  should  be  remembered  that  this  figure  is  only  a  minimum. 


TAC: 


544  observations 
18  people 


10  days 


544  observations  1 

AFLC:  -  x  - 

5  people  10  days 


544  observations  1 

AFSC:  -  x  - 

4  people  10  days 


Mditional  observations  caused  by  the  rounding  error  (or  potential 
limitation)  would  only  increase  the  accuracy.  These  nunbers 
approximate  those  of  the  sanple  size  heuristics  previously  mentioned. 
Results  were  not  biased  due  to  differing  sanple  sizes  because 
proportions  v^re  used. 

Within  these  number  of  observations  per  timeframe,  the 
observations  were  made  at  random  intervals  by  using  numbers  generated 
from  a  random  number  table  and  taking  into  account  lunch  periods  (when 
no  observations  should  be  made).  There  was  a  different  set  of  random 
observation  times  for  each  day  in  the  workweek;  the  set  was  repeated 
each  week.  By  designing  the  study  in  this  fashion,  a  day  is  considered 
a  cycle  and  the  observations  within  the  cycle  are  random;  twenty  such 
cycles  were  used  over  the  course  of  the  study.  Random  observation 
times  for  each  MWCOM  are  given  in  Appendix  F. 

Sanpling  was  conducted  by  each  individual  in  the  Housing*  and 
Services  Directorate  of  each  MAJCQM  studied.  Each  individual  recorded 
observations  of  himself  according  to  the  specified  random  times.  He 
was  given  an  instruction  packet  that  explained  the  purpose  of  the 
research,  the  need  for  accurate,  valid  responses,  and  specific 
instructions  on  how  to  make  and  record  observations.  The  instruction 
sheet  also  explained  how  to  handle  classification  problems,  who  to 
contact  to  help  resolve  problems,  and  procedures  on  how  to  return  the 
sanpling  instrument.  The  packet  contained  observation  forms  on  which 
to  record  observations  and  a  random  observation  time  sheet  to  reference 
for  observation  times.  The  instruction  packet  constituted  training 
for  the  observer.  An  exanple  of  the  packet  is  provided  in  Appendix  F. 


Because  of  the  differences  in  the  numbers  of  observations  and  their 
times,  separate  packets  were  produced  for  each  MAJCOM. 

In  carder  to  make  and  record  an  observation,  the  observer  most  have 
his  sheet  of  random  times  and  observation  form  readily  available.  When 
a  random  time  occurred,  the  observer  placed  a  check  in  the  box  that 
represents  the  category  of  work  he  was  performing  at  the  time.  Work 
categories  were  those  specified  in  AFR  85-7  and  shown  in  Appendix  F. 
Additionally,  each  person  would  also  place  a  check  next  to  the  condi¬ 
tion  that  most  accurately  represents  both  what  he  was  doing  and  with 
whom  at  the  time  of  the  observation.  This  procedure  was  then  repeated 
for  each  observation  throughout  the  study  period.  At  the  end  of  the 
study  period,  each  observer  gave  his  form  to  someone  in  the  directorate 

designated  to  collect  and  return  the  forms  to  the  researcher. 

■ 

Before  this  nethod  could  be  used,  approval  was  obtained  through 
the  chain-of-ccnmand  from  the  respective  Deputy  Chiefs  of  Staff  (DCS) 
for  Engineering  and  Services.  Active  support  from  the  DCS'  helped 
guarantee  the  accuracy  and  validity  of  the  results.  There  is  a  problem 
of  using  this  method  of  collection  because  it  is  easy  to  get  biased 
results  because  of  a  lack  of  cooperation  or  inaccurate  recording  on 
the  part  of  the  observers.  Konz  (20)  feels  that  people  will  eventually 
tire  of  behavior  modification  for  the  observations  and  will  not  be  able 
to  continually  provide  invalid  responses  so  long  as  the  observation 
period  is  sufficiently  long. 

Work  sampling  techniques  were  used  to  gather  data  required  to 
develop  a  manpower  time  standard.  Because  sampling  vas  done  on  a  job 
category  level  as  opposed  to  a  task  level  within  a  category,  the  use 


of  the  task  unit  time  equation  associated  with  procedures  for  time 
standards  was  not  appropriate.  It  was  for  this  reason  that  regression 
analysis  was  chosen  as  the  method  for  standards  determination. 

Data  Preparation.  The  raw  data  returned  by  each  MAJOOM  mist  be 
grouped  and  transformed  for  proper  input  into  statistical  analysis 
methods.  The  data  was  grouped  for  each  MAJCOM  by  branch  for  each  day 
of  the  survey.  This  equates  to  twenty  data  points  for  each  command 
(ten  days/sample  period  x  two  sample  periods)  with  each  day  being 
treated  as  a  single  observation.  (Each  single  observation  was  conposed 
of  the  individual  observations  for  each  person  in  the  branch. )  Across 
commands,  there  was  a  total  of  sixty  data  points  in  the  study  for  each 
branch;  two  branches  were  examined. 

Not  only  was  data  grouped  by  day,  it  was  also  grouped  by  job 
category  within  each  branch.  An  example  would  better  illustrate  the 
grouping  methods.  Suppose  ten  returned  survey  forms  represent  a 
complete  response  from  a  command  for  a  day;  each  form  has  five  job 
categories  and  four  possible  observations  per  day.  The  total  number 
of  observations  for  the  day  can  be  calculated  by  multiplying  the  number 
of  forms  by  the  number  of  observations  permitted  on  each  form;  in  this 
case,  10  x  4  *  40.  For  each  job  category,  the  number  of  observational 
checks  made  would  be  counted  for  each  survey  form.  Each  survey  would 
now  have  five  numbers  representing  the  frequency  of  occurrence  that 
each  job  category  was  observed  throughout  the  day  for  each  individual. 
(In  this  exanple,  these  numbers  can  range  anywhere  from  zero  to  four.) 
Each  number  on  each  form  for  each  respective  category  is  added  together 
to  obtain  the  frequency  of  occurrence  of  each  job  category  observed 


throughout  the  day  for  the  entire  branch.  (These  numbers  could  range 
from  zero  to  forty  in  this  case. )  The  frequencies  are  now  divided  by 
the  total  number  of  observations  for  the  day  (forty  here)  to  obtain  the 
proportion  of  time  spent  performing  tasks  pertaining  to  job  categories. 
To  convert  the  proportion  to  a  more  useful  measure,  time,  multiply  each 
by  80  (the  number  of  hours  available  in  a  work  day  mil tipi ied  by  the 
number  of  people  working). 

What  is  now  available  is  the  approximate  number  of  hours  spent  by 
the  branch  performing  various  categories  of  work  for  each  day.  This 
same  procedure  is  updated  for  each  day  of  the  study  and  for  each  branch 
and  command.  The  use  of  proportions  to  determine  tine  facilitates 
grouping. 

The  procedure  outlined  in  the  example  above  was  the  exact 
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procedure  used  to  group  and  prepare  data  for  input  into  a  statistical 
analysis  routine.  For  each  job  category,  the  number  of  Ainutes  spent 
in  that  category  served  as  an  input  to  regression?  a  separate  input  was 
generated  for  each  study  day.  For  reasons  to  be  discussed  later,  each 
job  category  of  a  branch  was  similarly  analyzed  but  functioned  as  a 
totally  separate  input.  This  analysis  was  performed  by  branch  and 
MAJCCM. 

Another  input  that  helped  generate  a  data  point  for  regression  was 
the  workload  factor  values.  Prior  to  survey  initiation,  each  command 
was  asked  to  provide  data  on  items  considered  as  appropriate  workload 
factors.  As  previously  discussed,  a  listing  of  preposed  workload 
factors  can  be  found  in  Appendix  E. 


Figure  5  should  help  clarify  the  concepts  of  data  grouping  and 
inputs  to  regression.  Shown  in  the  figure  is  a  plot  of  manhour  and 
workload  factors  for  a  job  category  for  a  branch.  This  same  concept 
must  be  extended  for  each  job  category  in  both  the  Housing  and  Services 
branches  respectively. 
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Figure  5.  Plot  of  Predictor  and  Response  Variables 


Although  data  grouping  enables  identification  of  task  distribution 
and  proportions  of  time  spent  performing  respective  tasks  across  an 
entire  branch,  it  caused  problems  with  the  sanple  sizes  previously 
determined  as  statistically  significant.  In  essence,  544  sanples  or 
observations  per  carmand  were  condensed  into  a  total  of  sixty  data 
points.  This  required  a  re-examination  of  statistical  considerations 
to  insure  that  sufficient  sanples  were  available  to  draw  statistically 


valid  conclusions.  The  first  consideration  was  to  insure  that  sixty 
samples  was  satisfactory  from  a  work  sanpling  formula  for  sarrple  size 
with  an  absolute  accuracy  of  .03  (an  Air  Force  Type  I  standard 
specification),  a  "p"  value  of  .85  (percent  of  time  usefully  spent), 
and  a  Z  value  of  1.96,  corresponding  to  a  95%  confidence  interval, 
yielded  the  original  sarrple  size  of  544.  Thus,  grouping  reduced  the 
number  of  sanples  below  that  necessary  for  significance  at  the  .03 
absolute  error  level.  Using  the  same  formula  with  an  absolute  error 
of  .09  yielded  sixty  required  samples  which  was  the  exact  number  of 
sanples  available.  This  necessitated  the  use  of  Type  II  statistical 
criteria  in  lieu  of  Type  I  criteria  earlier  used.  The  less  statis¬ 
tically  precise  standard  was  used  hereafter  because  the  extent  of  data 
grouping  reduced  statistical  accuracy  to  a  level  slightly  better  than 
Type  II  specifications. 

The  other  dealt  with  sufficient  samples  to  permit  a  valid 
confidence  interval.  Applying  the  following  formula  for  inferences 
regarding  a  normal  distribution  (sample  greater  than  thirty  permits 
this  assumption)  resulted  in  required  sanple  sizes  being  greater  than 
sixty  when  o-  >  100  at  .09  absolute  error  and  cr  >  30  at  .03  absolute 
error.  (A  95%  confidence  level  was  also  used. ) 


n  =  required  sanple  size 
6  =  absolute  error 

Z  =  Z  value  corresponding  to  confidence  level 
o-  =  standard  deviation  of  the  sanple  distribution 


Use  of  Regression.  Regression  analysis  can  be  used  to  support 
various  hypotheses.  This  research  focused  on  the  general  linear 
hypothesis  of  determining  the  suitability  of  a  developed  equation 
to  accurately  represent  relationship  realities.  To  construct  the 
relationship  equation,  a  hypothesis  that  examines  the  significance 
of  specific  variables  as  predictors  was  used.  These  hypotheses  are 
represented  as  follows: 

Ho:  M  -  b0  +  bixi  +  b2x2  +  *  *  •  +  bixi  +  6 
Ha:  p  ^  bjj  +  bjX^  +  b2x2  +  .  .  .  +  b^x^  +  6 

for  i  =  l,n 

and 

Ho  !  bj  -  0 

H  :  b .  j4  0 
a  J 

for  j  =  l,n 

Previously  described  test  statistics  were  used  to  examine  the 
hypotheses  (21). 

The  ultimate  goal  was  to  define  a  manpower  equation  for  each 
branch  in  terms  of  a  categorical  workload  level  that  requires  or 
sustains  a  certain  level  of  manhours.  A  multiple  number  of  categories 
could  go  into  defining  a  relationship.  This  is  the  concept  of 
modularity  and  is  pictorially  described  in  Figure  6. 
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Figure  6.  Modularity 


Modularity  permitted  the  development  of  a  manpower  standard 
(equation  or  model)  for  each  job  category  as  defined  in  AFR  85-7  and 
surveyed  in  this  research  (Appendix  D).  Hie  development  of  each  module 
used  sinple  or  multiple  regression  techniques  depending  on  the  number 
of  potential  vrarkload  factors  used  (Appendix  E).  Modularity  required 
that  each  module  be  independent  of  every  other  module;  that  is,  all 
work  performed  within  a  branch  was  included  in  a  module  but  not  more 
than  one  module. 

In  essence,  modularity  permitted  a  set  of  individual  equations 
to  define  the  work  of  a  branch.  A  series  of  independent  multiple 
regressions  was  used  in  this  research  to  define  a  descriptive  model 
based  on  each  job  category.  Once  all  categories  ware  defined,  the 
branch  model  was  simply  a  combination  of  the  modules.  This  was  done 


for  each  branch. 


The  standard  approach  to  regression  analysis  as  has  previously 
been  described  was  used  in  developing  the  nodular  equations  for  each 
branch.  Essentially,  the  entire  approach  to  regression  was  performed 
by  a  series  of  Statistical  Package  for  the  Social  Sciences  (SPSS) 
programs.  A  separate  program  was  developed  for  each  branch  under 
study  in  order  to  make  processing  and  analysis  easier  and  not  because 
required  techniques  varied.  The  coded  programs  can  be  found  in 
Appendix  H.  Air  Force  test  specifications  ware  used  in  order  to  lend 
comnonality  to  eventual  application,  but  only  a  Type  II  significance 
could  be  achieved  due  to  sample  size  restrictions.  That  is: 

1.  An  alpha  value  of  .1  was  used  for 
usefulness  testing  (F-test) . 

2 

2.  A  minimum  "R  "  value  of  .50 

Before  the  SPSS  programs  could  be  developed  and  implemented, 
program  specifications  had  to  be  determined.  The  specifications  impact 
the  structure  of  the  data  files  as  well  as  program  composition  and 
design. 

The  data  file  structures  were  the  key  to  defining  program 
composition.  Each  data  file  was  composed  of  sixty  lines  or  cases  and 
represented  the  total  number  of  samples  taken.  Each  line  contained 
the  appropriate  amount  of  time  for  each  category  and  was  divided  into 
columns  —  one  column  for  each  job  category.  Coupled  with  that,  there 
was  one  column  for  each  workload  factor.  A  value  of  "9"  was  assigned 
to  each  column  (representing  a  workload  factor)  that  did  not  directly 
relate  to  an  amount  of  time  for  the  particular  category.  This 


represented  the  "missing  value"  in  SPSS  terminology.  Missing  values 
were  not  used  in  any  statistical  calculations. 

Two  specific  SPSS  subprograms  were  used;  they  are  Scatter gram  and 
Regression.  The  Scattergram  routine  produced  a  plot  of  input  variable 
values  that  were  regressed.  The  scattergrams  were  used  to  validate 
the  assumption  of  a  linear  relationship  between  time  requirements  for 
each  job  category  and  the  appropriate  workload  factors.  The  routine 
has  a  number  of  design  specifications  that  were  established.  The 
range  over  which  to  plot  values  was  made  large  enough  to  be  inclusive 
of  all  values  and  still  be  able  to  show  data  trends.  The  range  used 
varied  for  each  workload  factor.  Additionally,  calculations  of  the 
coefficients  of  correlation  and  determination  were  specified  so  as  to 
be  able  to  statistically  check  the  visual  interpretations  made  from 
the  plots. 

The  regression  subprogram  was  used  to  perform  regression 
techniques  on  the  data  to  develop  useful  manpower  models  by  job  cate¬ 
gory.  In  addition  to  various  options  and  statistics,  four  different 
design  specifications  were  made.  For  a  detailed  discussion  of  the 
specif cations,  refer  to  the  Statistical  Package  for  the  Social  Sciences 
manual. 

1.  Inclusion  Level;  This  level  is  used  to  determine  which 
independent  variable  (workload  factor)  would  first  enter  the  routine. 
The  default  value  of  "1"  was  chosen  so  that  each  variable  would  be 
allowed  to  enter  if  it  could  pass  statistical  criteria.  The  order  of 
entry  would  depend  on  variable  significance. 
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2.  Method:  Stepwise  regression  was  chosen. 

3.  Parameters: 

a.  The  number  of  steps  permitted  in  the  routine  was  allowed 
to  default. 

b.  The  miniitum  value  of  the  F  distribution  for  the  usefulness 
test  statistic  was  set  at  2.80.  The  value  represented  the  lowest  value 
of  the  test  statistic  that  would  permit  model  inclusion. 

c.  The  tolerance  level  defaulted  to  its  value  of  .001. 

d.  Akin  to  item  b,  the  miniitum  value  that  the  test  statistic 
can  take  on  before  it  was  dropped  frcm  model  inclusion  was  2.79. 

4.  Residuals:  The  calculation  of  residual  values  was  specified. 

The  SPSS  program  performed  these  tests  for  each  job  category  in 
each  branch  studied  across  all  commands  studied.  All  statistically 
significant  predictive  values  that  combined  to  create  a  statistically 
significant  model  were  used  as  the  ideal  model  for  each  job  category. 
That  is,  Hq  was  rejected  if  the  selected  cx  value  has  greater  than  the 
calculated  significance.  To  obtain  an  ideal  model  for  a  branch,  the 
individual,  categorical  models  were  summed. 

The  combined  models  frcm  each  branch  were  tested  using  workload 
factor  data  obtained  from  participating  comtands.  The  various,  respec¬ 
tive  workload  values  were  substituted  into  the  developed  equations  to 
obtain  a  value  for  the  manhours  required  for  each  branch.  This  figure 
is  divided  by  sixty  to  obtain  manhours  as  opposed  to  minutes.  Each 
resultant  value  was  divided  by  143.5  —  the  Air  Force  standard  adjusted 
monthly  manhours  for  military  personnel  (less  leave,  training,  and 


so  on)  (34).  These  values  then  represented  the  level  of  manpower 
required  by  the  respective  branches.  Fractional  requirements  ware 
determined  by  standard  Air  Force  procedures,  an  extract  of  which  can  be 
found  in  Appendix  G. 

A  prediction  interval  was  calculated  for  each  branch.  The 
interval  was  used  to  determine  the  acceptability  of  the  results  of  the 
desired  model  in  relation  to  current  MAJOQM  staffing.  A  prediction 
interval  seeks  to  define  the  range  in  which  a  particular  relationship 
will  remain  valid  given  a  level  of  statistical  significance.  In  this 
case  the  prediction  interval  generated  a  range  of  acceptable  manhours. 
Each  limit  was  divided  by  the  adjusted  factor  of  143.5  to  obtain  a 
range  of  manpower  requirements.  If  the  calculated  range  encompassed 
the  level  of  current  manning,  the  model  was  classified  as  acceptable. _ 
Otherwise,  further  research  and  analysis  was  reccrmend  before 
acceptance  could  be  assured. 

Assumptions  required  for  the  use  of  regression  have  already  been 
presented.  This  research  satisfied  these  assumptions  in  the  following 
manner  thereby  insuring  the  appropriateness  of  the  technique  to  the 
research. 

1.  Before  any  workload  factors  were  permitted  as  predictor 
variables,  associated  values  and  corresponding  response  values  were 
plotted  by  the  use  of  the  SPSS  Scattergram  facility.  Hie  plot  permits 
a  visual  examination  of  the  relationship  between  the  values.  If  it 
reveals  a  linear,  straight  line  relationship,  then  a  necessary 
condition  is  met.  If  not,  mathematical  transformations  would  be 
performed  to  obtain  linearity. 


due  to  beginning  the  sample  procedures.  The  value  of  85%  chosen  for 
the  "p"  value  in  determining  the  sarrple  size  equated  directly  to  the 
percentage  of  time  that  a  worker  should  be  productive.  The  foundation 
for  this  factor  lies  in  standards  allowance  theory  (1). 

Validity  of  sampling  technique  could  be  threatened  by  a  lack  of 
cooperation  on  the  part  of  the  branch  members.  A  potential  problem  of 
branch  members  in  the  correct  interpretation  and  observation  recording 
is  present  but  not  much  of  a  factor  because  a  person  cannot  consis¬ 
tently  falsify  recordings  over  an  extended  period  of  time.  Procedures 
carplied  with  Air  Force  and  labor  regulations  so  invalidation  was 
minimized.  The  ability  to  generalize  from  these  results  may  be 
hanpered  by  seasoned,  or  cyclic  work  that  may  not  be  present  at  time 
of  measurement.  The  only  way  to  solve  this  potential  problem  would  be 
to  extend  the  sairpling  period  —  which  is  not  always  possible.  With 
careful  consideration  of  these  factors,  the  work  sanpling  methodology 
is  valid.  The  validity  of  work  factors  can  be  seen  in  their  degree  of 
collectibility  and  relatability  determined  through  work  sanpling  and 
statistical  validity,  respectively. 

To  further  lend  validity  to  work  sanpling  methods  and  procedures, 
a  modified  diary  form  similar  to  that  used  by  Mintzberg  in  his  studies 
was  included  in  this  research.  The  diary  portion  was  part  of  the 
Observation  Recording  Form  and  participants  used  it  in  the  same  manner 
as  the  job  category  section  was  used.  The  diary  concept  lended 
validity  to  sanpling  procedures  in  that  results  obtained  can  be 
ccrrpared  to  the  results  of  similar  studies.  If  both  sets  of  results 


are  in  general  agreement,  then  work  sampling  results  should  be 
accurate;  otherwise,  accuracy  could  be  questioned. 


Although  employed  techniques  were  similar,  subjects  used  are 
not  quite  the  same  and  a  distortion  could  have  been  caused  by  this. 

Mint 2 berg  used  executive  personnel  where  as  this  research  focused  on 
staff  personnel.  Staffs  could  be  considered  managerial  personnel  by 
virtue  of  the  fact  that  they  function  as  experts  in  certain  areas  and 
cure  functional  representatives.  There  still  exists  a  difference 
between  what  an  executive  and  a  manager  do,  however. 

How  Research  Questions  were  Answered 

The  methodology  presented  here  was  designed  to  answer  all  research 
questions.  The  feasibility  of  developing  a  general  manpower  standard 
for  MAJCJQM  Engineering  and  Services  deputates  can  be  seen  only  after 
the  entire  study  process  is  finished  and  analyzed.  Feasibility  for  ( 
developing  a  generic  standard  for  any  or  all  deputates  was  determined 
by  study  success.  Success  of  the  study  includes  proper  problem  scope, 
data  validity,  and  the  validity  of  the  techniques  employed  to  gather 
and  analyze  data.  It  also  pertains  to  the  idea  that  a  standard  just 
might  not  be  appropriate.  To  answer  the  feasibility  question,  the 
whole  study  rtust  be  completed. 

The  appropriateness  of  the  manpower  standards  developed  by 
HQ  AFRES  for  generalization  to  other  MAJCQMs  was  determined  by  the 
pilot  study.  The  purpose  of  the  pilot  study  was  to  check  appropriate¬ 
ness  and  determine  areas  that  were  not  appropriate  and  the  reason  for 


the  difference.  This  research  question  has  essentially  been  answered. 


Appropriate  workload  factors  for  inclusion  in  a  descriptive 
manpower  standard  ware  determined  by  an  SPSS  program  using  nultiple 
regression  analysis,  modularity,  and  data  based  on  work  sampling 
results.  Factors  were  chosen  by  an  analysis  of  job  taskings  in  AER 
85-7,  experience,  and  comments  made  in  the  pilot  study.  Factors  that 
best  meet  the  statistical  criteria  of  regression  analysis  were  deemed 
suitably  appropriate. 

As  the  work  sampling  data  was  analyzed  across  MAJOOMs  involved 
in  the  study  and  the  best,  most  descriptive  factors  chosen  for  the 
model,  resultant  equations  are  the  most  representative  of  manpower 
requirements. 

After  appropriate  equations  had  been  developed,  the  validity  of 
their  responses  in  relation  to  current  manning  levels  were  evaluated  as 
part  of  the  feasibility  determination.  This  determination  was  based  on 
a  confidence  interval  estimation.  Any  values  within  the  interval  will 
be  acceptable  and  so  will  the  respective  equation. 

The  validity  of  regression  analysis  stems  directly  from  the 
statistical  techniques  and  tests.  If  results  obtained  are  not  valid, 
they  will  not  pass  the  statistical  tests;  therefore,  validity  is 
implicit. 


IV.  Findings 


By  applying  the  specific  methodology  discussed  in  Chapter  III  to 
the  real  war Id  environment,  a  quantity  of  data  was  generated  to  develop 
manpower  standards.  The  data  needed  to  be  sorted,  analyzed,  trans¬ 
formed,  and  processed  in  order  to  obtain  results  and  draw  conclusions. 
Presented  here  are  descriptions  of  these  operations  and  their  results. 
Specifically  covered  are  the  pilot  study,  which  was  used  to  identify 
and  localize  problem  areas,  and  the  results  associated  with  work 
sanpling  —  raw  data  responses,  problems,  and  coding.  Additionally, 
the  regression  processes  used  will  be  presented  as  well  as  its  end- 
products  .  * 

Pilot  Study 

In  all,  the  pilot  study  proved  that  the  HQ  AFRES  standards  were 
not  generally  applicable,  that  a  more  generic  standard  was  needed,  and 
that  standard  development  should  begin  in  the  area  where  the  results 
were  most  inappropriate.  It  was  for  this  latter  reason  that  the 
Housing  and  Services  directorate  was  chosen  for  study.  Also  inpacting 
on  this  choice  was  the  weakness  of  the  workload  factor  used  by  HQ  AFRES 
and  that  this  Directorate  lent  itself  more  readily  to  study  because  of 
its  size. 
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Raw  Data  Analysis 


Analysis  of  data  took  on  three  distinct  areas  —  work  sampling, 
workload  factor  determination,  and  data  transformation  (methodological 
considerations).  Verbal  feedback  from  points  of  contact  and  an  examin¬ 
ation  of  responses  revealed  that  the  conduct  of  work  sampling  was  easy 
and  instructions  were  clear.  Random  observation  times  were  adhered  to 
as  best  as  could  be  expected  without  central  control.  Confusion  did 
exist  in  category  definitions.  When  discussing  workload  factors,  it 
was  apparent  that  there  was  some  confusion  as  to  the  exact  definition 
of  the  desired  factor;  some  information  also  was  not  readily  available. 

Work  Saitpling  Considerations .  The  calculations  for  the  required 
number  of  observations  per  individual  for  each  of  the  surveyed  commands 
was  based  on  ideal  conditions  —  i.e. ,  full  manning  to  authorized 
levels.  This  was  not  the  case  in  all  commands,  notably  AFLC  and  TAC. 
The  reason  for  functions  not  manned  at  full  strength  during  the  survey 
were  that  a  particular  function  was  undermanned  prior  to  the  study 
or  as  a  result  of  a  permanent  change  of  station  for  participating 
personnel  during  the  study  period.  This  resulted  in  achieving  73% 
of  the  sanpling  goal  (i.e.,  number  of  observations  taken  versus  number 
of  observations  required  or  2,860  versus  3,660).  All  conmands  sanpled 
less  than  required  due  to  reduced  manning  or,  in  the  case  of  AFSC,  a 
partial  failure  to  sanple  at  all.  Actual  sanple  sizes  were  lower  than 
those  considered  statistically  valid  at  the  chosen  confidence  level  of 
95%  (i.e.,  544  observations  per  command  per  period);  dropping  confi¬ 
dence  to  75%  resulted  in  a  valid  sampling.  Statistical  significance 
was  not  violated  for  the  total  number  of  sanples;  rather,  the  number  of 


observations  that  composed  the  total  number  of  regressed  sairples  was 
less  than  desired. 

Throughout  methodology  development,  there  was  great  concern  for 
the  validity  and  accuracy  of  responses  because  each  individual  would  be 
recording  his  own  work  observations.  It  was  felt  that  with  repeated 
observations,  repeated  misrepresentation  would  be  minimized.  False 
observations  appeared  not  to  be  a  problem  because  of  the  repeated 
number  of  observations  and  the  serious  involvement  of  participants 
and  their  superiors.  Of  a  far  greater  concern,  however,  was  the 
ccnmunication  of  sanpling  requirements  which  was  an  area  not  considered 
much  of  a  potential  problem.  Instructions  on  how  to  handle  situations 
such  as  TDY  or  leave  as  well  as  work  category  classification  were 
explained  in  the  instruction  packet  provided  to  each  individual. 
Additionally,  each  surveyed  MAJCQM  point  of  contact  was  briefed  on 
the  procedures  and  any  problems  clarified.  Nonetheless,  situation 
and  category  interpretations  resulted;  participants  were  not  always 
sure  how  to  record  events.  The  biggest  problem  areas  were  with  TDY 
and  categories  not  directly  specified. 

Observations  were  to  be  made  during  TDY' s  and  recorded  under  the 
job  category  that  most  closely  matched  the  trip.  Not  all  ccnmands  did 
such  nor  was  there  any  real  consistency  within  commands.  This  resulted 
in  whole  days  worth  of  data  for  an  individual  observer (s)  to  be 
missing. 

With  regard  to  job  categorization,  participants  were  asked  to 
select  the  category  of  work  shewn  on  their  observation  form  that 
best  and  most  closely  described  what  they  were  doing  at  the  time  of 


observation.  Again,  not  all  participants  did  such;  they  were,  however, 
in  a  vast  minority  (i.e.,  3  of  the  23  involved).  These  participants 
embellished  their  forms  to  the  point  that  original  work  categories  were 
not  usable.  They  attenpted  to  be  explicitly  descriptive  of  what  they 
were  doing  and  felt  they  could  not  directly  relate  it  to  the  work 
category  provided.  For  example,  one  created  category  was  "briefing." 
This  could  have  been  easily  classified  in  the  specific  area  that  the 
briefing  was  given,  but  was  not.  The  classification  actions  can  be 
attributed  to  not  knowing  the  exact  purpose  of  the  research,  not 
knowing  the  exact  definition  of  work  categories,  and  not  using  the 
proper  observation  forms. 

Job  categories  were  extracted  from  AFR  85-7,  but  not  all  of  than 
were  current  given  changing  circumstances.  Additional  categories  of 
Clothing  and  Services  Information  Management  System,  among  others, 
would  have  been  appropriate  according  to  participants.  They  did, 
however,  record  work  in  these  areas  into  defined  categories. 

All  the  interpretation  problems  presented  could  have  lead  to 
discrepancies  within  and  across  oonmands  but  none  was  readily  apparent. 
With  the  exceptions  as  noted,  categorization  appeared  consistent. 

Some  observation  categories  on  the  respective  observation  forms 
were  realigned  from  one  branch  (and  form)  to  the  other  because  the 
specific  function  was  performed  in  a  different  branch  across  MAJCOMs. 
This  posed  no  problem  in  data  collection  because  of  the  modular  design 
of  the  process.  The  same  tasks  were  being  performed  across  the 
MAJCOMs,  only  in  a  different  location  within  the  division.  (Note: 
there  is  a  distinction  between  this  and  the  creation  of  a  new 


category. )  The  realignment  was  mainly  limited  to  AFSC  with  the 
Unaccompanied  Transient  Housing  function  being  a  prime  example. 

With  regard  to  workload  factor  values  obtained  by  questionnaire 
before  actual  sampling,  communication  and  interpretation  again  appeared 
to  be  problems.  Finer  definitions  of  the  extent  of  workload  factors 
was  needed  to  avoid  interpretation  problems.  Question  such  as: 

1.  Should  the  number  of  kitchens  also  include  crash  and 
flight  kitchens? 

2.  Should  transient  support  figures  include  contract 
quarters? 

3.  From  which  year  should  budget  data  be  taken? 

4.  Should  M©  furnishings  be  included  in  dollar  value 
and  account  costs? 

The  commands  were  advised  to  include  any  factor  that  related  to  the 
workload  in  question.  Again,  communication  of  need  was  considered 
satisfactory  until  tested. 

Some  data  used  for  workload  factors  should  have  used  an  average 
value  over  a  period  of  years  instead  of  the  latest  available  figure. 
This  action  would  serve  to  smooth  data  and  avoid  randan  fluctuations 
that  can  be  caused  by  changes  in  yearly  values. 

Some  workload  factors  were  not  really  applicable  and  were  deleted 
from  consideration.  Specif ically,  TAC  is  the  only  command  with 
reported  food  service  contracts  so  this  factor  is  not  applicable  to  the 
study  as  a  whole.  Additionally,  two  of  the  three  commands  maintain 
leased  housing,  but  the  number  is  so  small  so  as  to  make  the  entire 
category  insignificant. 

In  spite  of  deviations  from  the  original  sample  plan,  the  work 
sampling  concept  itself  was  validated  through  the  use  of  the  work 
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diary.  The  use  and  inplementat ion  of  work  sanpling  as  a  data  gathering 
technique  ws  deemed  appropriate.  A  comparison  of  the  diary  contained 
in  this  study  with  those  of  historical  studies  revealed  marked 
similarities  in  general  trends?  in  only  two  areas  ware  there  noticeable 
disagreement  (see  "subordinates"  and  "meetings").  This  disagreement 
was  at  least  partially  attributable  to  the  addition  of  the  "combina¬ 
tion"  and  "other"  categories  in  the  condition  and  task  portions 
respectively.  The  Condition  t—ne  distribution  in  this  study  closely 
approximates  that  found  in  Stewart's  study  of  middle  managers. 
Considering  a  branch  as  a  small  group  with  a  directorate  or  division, 
task  time  distributions  are  nearly  equivalent  to  those  listed  for  a 
small  organization.  Table  II  shews  the  results  of  historical  studies 
while  Table  V  presents  the  results  of  this  study. 

Methodological  Considerations .  In  general,  as  nuch  data  as 
possible  that  was  deemed  acceptable  and  applicable  was  used  in 
preparing  the  manhour  expenditures.  Not  all  data  was  considered 
acceptable  because  of  attempts  to  define  new  job  categories.  Where 
possible,  however,  this  data  was  salvaged  by  recategorizing  it  into 
something  useful.  Recategorization  was  performed  only  when  it  was 
clearly  obvious  that  it  could  be  done  successfully?  if  not  salvageable, 
the  data  was  not  used  in  any  subsequent  calculations.  (An  example 
of  recategorization  would  be  reclassifying  "Review  Contingency  and 
0  Plans"  as  "Mobility.")  This  action  did  tend  to  reduce  the  number  of 
sanples  that  comprised  each  data  point. 

As  an  extension  of  the  above  discussion,  data  was  sometimes 
partitioned,  either  between  inclusion  or  between  branches.  That  is,  if 


Table  V 


Category  Recap  for  Comparison  Survey 


Percentage  of  Tine 


AFLC  AFSC  TAC  Total 


Condition 

Subordinate 

8 

3 

2 

2 

Peer 

15 

2 

8 

8 

Other  Employee 

5 

1 

a 

5 

Boss 

2 

8 

8 

6 

Outsider 

13 

22 

11 

16 

Combination 

11 

8 

9 

10 

Alone 

46 

56 

54 

83 

Task 

Meeting 

13 

21 

18 

15 

Telephone 

11 

15 

18 

16 

Desk  Work 

44 

44 

46 

45 

Touring 

11 

3 

13 

9 

Other 


21 


17 


5 


15 
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a  person  was  TDY  and  did  not  report  what  he  was  doing,  his  observation 
was  not  included  for  that  day.  His  observations  ware  included  only  for 
non-TDY  days.  A  person  TDY  reporting  what  he  was  doing  was  included  in 
all  calculations.  Sometimes  people  worked  in  modular  categories;  that 
is,  the  individual  was  assigned  to  one  branch  but  performed  duties  from 
another  branch.  Only  the  observations  attributable  to  each  branch  were 
included  in  their  respective  calculations.  Appropriate  calculations 
included  the  number  of  observations  (to  determine  work  percentage 
distributions)  and  the  number  of  people  (to  determine  work  hour 
distribution).  This  was  a  slight  change  from  the  original  methodology 
because  little  thought  was  given  to  the  idea  that  one  individual 
could  be  performing  functions  that  eminate  from  different  branches. 
Additionally,  no  allowances  were  figured  in  developing  individual 
task  times  since  an  "indirect"  category  was  provided.  The  "indirect" 
category  can  account  for  any  time  that  would  otherwise  necessitate  an 
allowance. 

Some  workload  factors  could  have  caused  problems  in  the  case  of 
a  corrmand  not  maintaining  the  requested  data  while  other  ccranands 
did  maintain  the  data.  This  was  not  a  frequent  occurrence  but  an 
occurrence  nonetheless.  This  occurrence  was  coded  as  missing  data  and 
was  not  used  in  calculations.  In  some  other  cases,  a  command  may  have 
reported  a  value  of  "zero"  for  a  particular  workload  factor  while  other 
commands  reported  far  greater  numbers.  The  factor  was  coded  as  a  zero 
because  that  was  its  actual  value;  it  is  valid  to  be  coded  that  way  but 
appears  inconsistent.  For  ease  of  manipulation,  workload  factor  data 


w as  rounded  to  the  nearest  hundreds,  thousands,  or  millions,  whichever 
was  appropriate. 

Appendix  I  presents  a  listing  and  description  of  workload  factors 
that  could  have  caused  problems  in  data  analysis  or  appear  question¬ 
able.  The  coded  data  for  each  branch's  SPSS  programs  follows  in 
Appendix  J. 

Model  Development 

The  SPSS  program  used  to  manipulate  and  analyze  the  data  for  both 
the  Housing  and  Services  functions  used  the  classical  regression 
approach  previously  presented.  All  appropriate  procedures  including 
scatterplotting,  regression,  and  residual  analysis  were  performed  as 
well  as  obtaining  all  possible  statistical  options.  Model  development 
will  be  presented  from  both  a  general  and  specific  standpoint.  The 
general  approach  is  necessary  to  lay  groundwork  for  the  specific 
discussion  and  will  discuss  findings  in  a  developmental  way.  In  this 
chapter,  job  categories  and  workload  factors  cure  referred  to  by  their 
SPSS  names.  See  Appendix  D  for  a  translation. 

General  Considerations .  Results  front  both  the  Housing  branch  and 
the  Services  branch  were  reasonably  similar  in  their  general  nature  and 
trends.  All  variables  tested  in  each  function  demonstrated  a  linear 
relationship  with  their  respective  workload  factors.  The  degree  of  the 
relationship  and  its  type  (i.e.,  positive  or  negative)  varied  across 
variables  and  factors,  but  linear  relationships  still  existed. 

Negative  relationships  were  somewhat  surprising  but  could  be  explained 
directly  from  data.  The  extent  to  which  discovered  relationships  also 
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varied  across  dependent  and  independent  variables;  all  relationship 
indicators  were,  however,  found  to  be  statistically  significant. 

The  scatterplotting  function  and  its  associated  statistics,  including 
coefficients  of  correlation  and  determination,  were  used  to  provide 
general  guidance  in  determining  linearity  relationships. 

The  programs'  regression  function  was  able  to  determine  regression 
coefficients,  hence  equations,  for  job  categories  that  met  the  estab¬ 
lished  statistical  criteria.  Most  categories  were  described  by  an 
equation.  The  statistical  significance  of  many  of  the  resulting 
values,  however,  was  questionable.  Multicollinearity  among  most 
variables  was  noticeable;  that  is,  many  of  the  workload  factors  were 
directly  related  with  each  other.  An  examination  of  residual  values 
for  each  job  category  that  resulted  frcm  each  regression  equation 
revealed  a  distinct  pattern.  The  pattern  revealed  that  the  dispersion 
of  residual  values  was  an  increasing  function  of  the  independent 
variable.  To  rephrase,  the  variance  of  the  residuals  were  dependent 
on  the  value  of  the  plotted  variable.  By  ccnparing  these  observations 
with  their  respective  scatterplots ,  a  heteroscedastic  condition  was 
confirmed.  Heteroscedasticity  refers  to  a  condition  where  the 
variances  of  samples  (or  their  residual  error  terms)  are  not  statis¬ 
tically  identical.  This  is  a  violation  of  the  basic  assumptions  of 
regression  and  must  be  eliminated  in  order  to  fully  exploit  the 
strengths  of  regression  techniques. 

Before  taking  steps  to  eliminate  heteroscedasticity,  its  presence 
had  to  be  confirmed  so  that  needless  data  transformations  would  not  be 
generated.  An  SPSS  program  was  developed  to  examine  the  respective 


data  of  each  branch  by  performing  an  analysis  of  variance  for  each 
workload  factor  against  its  manhour  observations.  Program  results 
confirmed  the  presence  of  heteroscedasticity  in  all  data  sets. 

In  order  to  provide  robust  and  complete  regression  results, 
heteroscedasticity  had  to  be  removed.  Three  approaches  were  tried 
using  various  schemes  of  weighted  regression.  Weighted  regression 
seeks  to  weight  data  such  that  data  variance  among  samples  ctre  equal 
or  nearly  equal.  In  effect,  terms  that  have  a  large  variance  receive 
less  weight  while  observations  with  small  variances  are  weighted  more 
heavily.  Weighting  seeks  to  reduce  sanple  variances  so  that  they  are 
equal,  thereby  meeting  basic  regression  assumptions.  One  weighted 
approach  involved  transforming  data  by  nultiplying  each  element  by 
the  reciprocal  of  the  standard  deviation  of  the  respective  category 
observations  while  another  method  sought  to  multiply  the  data  by 
the  square  root  of  the  associated  observation  value.  Combining  the 
two  approaches  resulted  in  nultiplying  data  by  the  reciprocal  of 
observation  values  believed  to  be  mostly  responsible  for  hetero¬ 
scedasticity.  All  three  approaches  were  attempted  by  transforming 
the  data  and  inputting  it  into  the  appropriate  programs.  The  first 
approach,  using  the  inverse  of  the  standard  deviation,  provided  results 
that  most  closely  related  to  the  original  data,  so  it  was  chosen  for 
further  examination. 

One  would  expect  some  different  results  because  of  transformed 
data  but  general  trends  should  remain  intact.  This  was  not  the  case 
because  all  relationships  were  greatly  altered  in  both  strength  and 
type.  What  before  had  potential  significance  now  held  little  or  none. 
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Scatterplots  and  associated  statistics  demonstrated  little  or 
reduced  linearity  while  regression  models  were  even  less  significant. 
Multicollinearity  still  existed  to  the  same  degree;  however,  a  residual 
analysis  revealed  a  plot  with  a  less  discernible  pattern.  Once  again, 
an  analysis  of  variance  for  each  workload  factor  against  its  manhour 
observations  was  performed  so  that  the  presence  or  lack  of  hetero- 
scedasticity  could  be  confirmed.  Almost  without  exception,  hetero- 
scedasticity  had  been  eliminated. 

Weighted  regression  was  successful  in  removing  heterosoedasticity, 

but  it  also  removed  most  traces  of  relationships.  A  question  existed 

as  to  which  set  of  data  should  be  used  to  continue  model  development. 

Transformed  data  met  all  regression  assunptions  and  was  thoroughly 

statistically  correct;  however,  resulting  relationships  were  nearly 
■# 

meaningless.  Ibis  could  be  indicative  of  there  actually  being  no 
relationship  between  observations  and  workload  factors,  but  such  is 
not  the  case  because  coefficients  of  correlation  and  determination  are 
all  valid,  unbiased,  and  significant  if  all  other  regression  conditions 
are  met  regardless  of  the  presence  of  heterosoedasticity.  Resultant 
equations  are  still  not  valid  for  analytical  or  confidence  purposes; 
accurate  statistical  tests  could  not  be  performed  because  of  the  chance 
of  discovering  false  significance. 

Because  the  weighted  regression  transform  eliminated  hetero- 
scedasticity,  a  greater  confidence  could  be  placed  in  this  data  and  its 
resulting  models.  This  data  had  statistical  significance  so  it  was 
chosen  for  further  evaluation.  Although  this  data  appeared  to  have 
eliminated  all  relationships,  the  relationships  discovered  by  the 


original  data  were  still  appropriate  because  heteroscedasticity  causes 
only  statistical  significance  to  be  questionable  and  nothing  else.  The 
data  presented  in  Appendix  j  is  the  transformed  data  described  here; 
Table  VI  shows  the  appropriate  standard  deviation  values  used  in  the 
transform.  Because  of  transformation,  the  appropriate  regression  model 
appears  as: 
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Specific  Considerations .  The  previous  section  presented  an 
overall  view  of  various  findings  as  they  developed  in  the  process  of 
constructing  the  desired  manpower  models.  This  section  explores  areas 
more  indepth.  First,  sinple  analyses  of  variance  are  presented  so 
that  the  need  for  weighted  regression  can  be  seen.  Next,  regression 
considerations  for  both  the  un transformed  and  the  transformed  data  is 
shown  so  it  can  be  seen  why  further  analysis  was  done  on  transformed 
data. 

This  section  will  describe  the  findings  of  the  various  statistical 
analyses  performed  by  the  SPSS  programs;  it  will  not  explicitly  make 
reference  to  any  set  of  data  results.  Seme  appropriate  data  results 
will,  however,  be  shown  in  the  appendices.  It  is  suggested  that  the 
reader  review  the  appropriate  tables  or  appendices  in  conjunction  with 
its  respective  discussion.  The  following  items  are  provided:  Table 

VII  -  Results  of  Saitple  Variance  Analysis;  Appendix  K  -  Representative 
Scatterplots  of  Job  Category  and  Workload  Factor  Relationships;  Table 

VIII  -  Tables  of  Correlation,  Determination,  and  Significance  Values 
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Table  VI 


Standard  Deviation  Values  Used  for  lata  Transformation 


Branch 


Housing 


Services 


Category  Comnand  Data  Value 


UPH 

AFLC 

1.75 

AFSC 

1.07 

TAC 

8.08 

HRO 

AFLC 

.75 

AFSC 

1.53 

TAC 

3.18 

Funds 

AFLC 

1.00 

AFSC 

2.99 

TAC 

2.99 

Furnish 

AFLC 

.95 

AFSC 

.37 

TAC 

3.09 

MRC 

AFLC 

2.56 

AFSC 

2.56 

TAC 

1.43 

MFH 

AFLC 

1.78 

AFSC 

2.13 

* 

TAC 

3.36 

SUSP 

AFLC 

.96 

AFSC 

2.38 

TAC 

- 

COM 

AFLC 

.79 

AFSC 

.72 

TAC 

2.10 

AAFES 

AFLC 

.30 

AFSC 

.63 

TAC 

1.52 

Food 

AFLC 

.41 

AFSC 

.45 

TAC 

2.38 

Mortuary 

AFLC 

.70 

AFSC 

.95 

TAC 

6.11 

Laundry 

AFLC 

2.22 

AFSC 

.62 

Before  and  After  Data  Transformation;  Appendix  L  -  Table  of  Inter¬ 
correlation/Multicorrelation  Matrix;  Appendix  M  -  Scatterplot  of 
Cumulative  Residual  Values.  EXoe  to  the  large  number  of  individual 
scatterplots ,  Appendix  K  presents  only  one  typical  scatterplot  for 
representative  purposes. 

Variance  Analysis.  In  the  Housing  area,  two  tests  were 
performed  to  analyze  variance.  One  hypothesis  tested  checked  for 
statistical  significance  of  each  individual  workload  factor  within  each 
job  category  while  the  other  tested  the  homogeneity  of  their  variances. 
The  null  hypotheses  ware  that  no  difference  existed  and  the  goal  was  to 
fail  to  reject  the  hypotheses  at  the  .1  level.  Before  transfor¬ 
mation,  all  workload  factors  rejected  both  hypotheses  meaning  that 
there  was  a  statistical  significance  for  each  workload  factor  (i.e., 
sufficiently  descriptive)  and  that  respective  variances  were  not  equal 
(hence  heteroscedasticity) .  Results  changed  after  transformation 
because  only  two  job  categories  each  rejected  each  hypothesis  out  of 
the  seven  categories  tested.  This  proved  that  the  data  transformation 
reduced  the  heteroscedasticity  problem  dramatically  but  did  not  quite 
eliminate  it;  it  did  reduce  previous  WLF  significances. 

Similar  results  could  be  found  within  Services  functions. 

Likewise,  only  two  job  categories  of  seven  remained  significant  after 
transformation.  See  Table  VII  for  a  summary  of  the  tests. 

Regression  Before  Transformation.  Table  VII  displays  data 
presented  in  this  portion  of  the  chapter.  Of  the  six  possible 
relationships  of  categories  and  workload  factors  in  the  Housing  area, 
six  had  a  correlation  ("r"  value)  coefficient  of  .5  or  better.  The 
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Budget  "r"  value  was  the  highest  of  all  factors,  registering  at  .658. 

These  positive  correlations  are  indicative  of  a  good  linear 

relationship  that  shows  an  increase  in  tine  spent  in  a  job  category  to 

a  cofiplementary  increase  in  a  workload  factor  (i.e.,  a  positive,  linear 

relationship).  Three  more  moderate  relationships  were  recorded  at  an 

"r"  value  of  .4.  Four  relationships,  two  positive  and  two  negative, 

all  registered  better  than  .3.  The  two  remaining  relationships,  all 

positive,  registered  under  .3.  Family  Housing  Management  with  Bases 

demonstrated  the  smallest  "r"  value  at  .236.  Unaccompanied  Personn 

2 

Housing  workload  factors  all  had  "r  "  values  (coefficient  of 

determination)  of  .3  to  .4.  Family  Housing  Management  possessed  the 
2 

lowest  "r  value  at  .05;  the  remainder  of  the  values  were  within  the 
given  range.  All  coefficients  proved  significant  at  the  .1  level. 

Multicollinearity  was  very  iruch  in  evidence  in  nearly  all 
relationships.  Thi^  inplies  that  many  workload  factors  ware  closely 
related  and  quite  possibly  interchangeable  with  little  effect  on  the 
significance  of  relationships  with  a  particular  job  category.  One 
correlation  registered  at  .55,  negative,  but  the  remainder  registered 
at  .91  or  better. 

Because  of  heteroscedastic  data,  a  statistically  significant 
inclusion  level  of  2.80  (F-test)  was  used  with  care  because  this  type 
of  data  tends  to  find  significance  where  none  should  exist.  As  such, 
six  of  the  seven  tested  job  categories  had  one  or  more  workload  factors 
pass  the  significance  test  to  tentatively  define  a  model.  At  least  one 
factor  was  used  in  each  category  and  a  model  was  developed  for  each 


category.  The  ultimate  usefulness  of  the  model,  however,  must  be 
tested.  This  will  be  done  in  Chapter  V. 

As  has  been  shown,  residual  plots  (Appendix  M)  demonstrated 
heteroscedasticity.  This  plotting  clearly  shows  that  the  variance 
of  the  error  terms  increase  within  the  workload  factor  thereby  causing 
a  coned  shaped  distribution.  This  finding  was  the  cause  for  data 
transformation.  This  can  also  be  called  autocorrelation,  for  which  a 
Durbin- Whtson  test  attenpts  to  examine.  A  test  value  near  2  indicates 
little  or  no  autocorrelation  (9).  The  average  Durbin-Watson  value  from 
the  SPSS  program  was  1.55  —  somewhat  shy  of  the  ideal  value  of  2.  The 
Maintenance,  Repair,  and  Construction  category  was  the  closest  to  this 
goal  with  a  test  value  of  1.75.  The  low  Durbin-Watson  test  value 
substantiates  those  corresponding  to  the  residual  plotting,  scatter- 
plotting,  and  sinple  analysis  of  variance  findings. 

The  Services  branch  had  seventeen  workload  factors  with  which  to 

be  concerned,  all  of  which  were  strictly  linear.  In  comparison  to  the 

Housing  area,  the  Services  function  had  far  more  relationships  with 

"r"  values  greater  than  .5  but  a  lesser  number  at  lower  levels.  Both 

Facility  and  Meal  factors  with  the  Food  job  category  exhibited  the 

highest  correlation  of  any  relationship  with  an  "r"  value  of  .85. 

There  were  four  correlations  greater  than  .5  while  eight  correlations 

registered  in  the  .3  area.  All  other  relationships  ware  below  .3  with 

the  lowest  "r"  value,  .003,  provided  by  the  Laundry  function  and  the 

2 

UPHSUP  factor.  The  highest  "r  n  found  was  .737  (with  Food  category 
versus  Facility)  while  the  lowest  was  .059  (by  Suspense  versus  Susno). 
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All  "r"  values  proved  to  be  statistically  significant  thereby 
validating  observed  relationships. 

Every  relationship  except  one  exhibited  extreme  nulticollinearity 
in  the  same  manner  and  degree  as  noted  in  the  Housing  branch  results. 
The  lowest  intercorrelation  value  found  was  .734  (Rations  by  Facility) 
while  all  Corrmissary  intercorrelations  were  1.0.  This  same  value  was 
repeated  for  Contra  2  by  UPHSUP. 

Numerous  models  were  generated  through  regression  —  five  of  the 
seven  relations  tested.  Again,  usefulness  of  the  resultant  models  will 
be  tested  in  Chapter  V. 

Residual  values  formed  a  cone  shaped  distribution  as  seen  and 
proved  previously.  Heteroscedasticity  was  present  throughout  the 
entire  data  set.  The  average  Durbin-Vfetson  value  was  1.66  with  the 
lowest  being  .828  (Food  Service  category)  and  the  highest  as  2.036 
(Mortuary  Affairs  category).  The  average  value  is  close  to  the  ideal 
of  2  than  Housing  data  was,  but  it  is  still  far  enough  away  to  support 
heteroscedasticity  findings. 

In  ccnparison,  Services  branch  data  was  a  bit  more  significant  and 
meaningful  than  the  Housing  branch  data  across  all  indicators  examined. 
Both  data  sets  closely  approximated  each  other  and  mirrored  general 
trends  which  lent  some  credence  to  the  entire  survey. 

Regression  After  Transfornation.  The  data  transformation 
altered  the  entire  ccnplexion  of  the  regression  process.  All  relation¬ 
ships  between  respective  job  categories  and  workload  factors  retained 
their  linear  relationships,  but  they  were  greatly  altered.  The 
relationships,  or  "r"  value,  ranged  from  a  positive  .23  to  a  negative 
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.29  in  the  Housing  area.  Of  the  sixteen  relationships,  eight  were 

2 

negative.  Going  together,  "r  "  valu  ~  were  rather  low  —  ranging  from 
0  to  .079.  Relationship  significance  was  shown  in  the  Funds  category 
and  a  portion  of  the  HRO  category. 

Multicollinearity  was  in  evidence  in  nearly  all  relationships,  but 
not  to  the  extent  seen  before  transformation.  Very  few  models  were 
generated  after  transformation  because  their  resultants  could  not  pass 
the  test  for  statistical  significance  (only  three  of  seven).  Again, 
the  significance  of  the  models  were  examined  in  Chapter  V. 

Residual  plotting  revealed  a  more  general  dispersion  of  points 
with  sane  remaining  heteroscedasticity.  This  finding  is  complimented 
by  the  previous  homogeneity  analysis  result  of  greatly  reduced 
hypothesis  rejections  after  transformation.  Although  not  perfect,  the 
average  Durbin-Watson  test  value  for  developed  models  was  1.69. 

Consult  Table  VII  and  Appendix  M. 

Again,  all  transformed  Services  branch  relationships  were  linear 
and  more  positive.  Only  four  categories  demonstrated  negative 
relationships.  Correlation  values  ranged  from  a  high  of  .498  to  a  low 
of  .217.  Hie  determination  values  ranged  from  .248  to  0.  The 
significance  of  the  descriptive  statistics  were  non-existent  except  for 
Laundry  versus  Contra  2  and  all  Prime  RIBS  relationships.  The  Mortuary 
category  was  nearly  significant.  These  values  were  so  highly 
significant  before  transformation  that  transformat ion  did  not  alter 
their  ultimate  relationship.  As  before,  multicollinearity  was  strongly 
in  evidence  in  most  relationships  but  in  a  reduced  sense  as  before 
transformation.  Models  were  developed  for  four  of  seven  categories. 
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As  seen  in  the  Housing  branch  results  and  the  homogeneity 
analysis,  since  heteroscedasticity  continued  in  the  data  set  even  after 
appropriate  transformation  (see  Table  VII  and  Appendix  M).  The  average 
Durbin- Watson  test  value  for  developed  models  was  1.57  —  still  a 
distance  from  the  goal  of  2. 

Comparison  of  Regressions.  A  comparison  of  regression 
processes  performed  before  and  after  data  transformation  really  does 
not  reveal  why  transformed  data  was  chosen  for  application.  One  nust 
look  further  to  discover  the  reason.  Untransfrcmed  data  was  extremely 
heteroscedastic  thereby  negating  all  statistical  inferences  and 
significances.  Discovered  relationships  remained  valid  but  to  infer 
any  further  would  have  been  questionable.  Transformed  data  eliminated 
previous  limitations  and  thus  it  became  appealing  for  further  use.  It 
would,  at  first,  appear  that  transformations  eliminated  previously 
discovered  relationships  and  significances.  Through  the  use  of 
additional  statistical  manipulations  (seen  in  Chapter  V),  this  was  not 
the  case.  It  was  for  these  that  transformed  data  and  their  resulting 


models  were  used. 


V.  Analysis 


Results  have  been  obtained,  relationships  discovered,  and 
potential  problems  identified.  In  order  to  construct  appropriate 
manpower  models,  an  analysis  of  the  findings  must  be  performed  to 
insure  that  results  support  the  hypothesis  and  enable  achievement  of 
the  research  objective.  This  chapter  seeks  to  accomplish  that  end  by 
explaining  car  attempting  to  explain  the  findings  and  conparing  the 
findings  to  established  analysis  criteria.  Only  then  can  the  specific 
research  questions  be  answered,  appropriate  models  developed,  and 
specific  objectives  achieved.  Specifically,  this  chapter  will  discuss 
data  coding,  workload  and  category  relationships,  multicollinearity, 
model  selection,  autocorrelation  model  verification,  and  the  research 
questions. 

Data  Coding 

The  way  data  was  coded  could  have  had  a  far-reaching  inpact  on  the 
results  of  the  SPSS  analysis  and  ultimately,  model  development.  Data 
coding  difficulties  not  only  include  how  an  individual  recording  his 
observations  interpreted  how  he  was  to  classify  them  but  also  the 
interpretation  of  the  raw  data.  Raw  data  interpretation  deals  with 
the  reclassification  and  inclusion  of  responses  that  were  not  properly 
recorded. 
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It  was  difficult  to  determine  if  initial  classifications  were 
cannon  across  individuals  and  commands  unless  one  were  there  to 
supervise  the  recordings.  Misclassifications  could  be  easily  buried 
within  the  data  —  not  easily  discernible  or  alterable.  No  one  set  of 
individual  recordings,  fran  any  oonmand,  really  stood  apart  from  the 
others  so  there  most  have  been  some  degree  of  corrmonality.  This  is  not 
to  say  that  no  variance  occurred  as  this  was  not  the  case.  Within  a 
command  there  appeared  little  variance  among  individual  responses  but 
at  least  some  variance  among  command  responses.  This  was  evidenced  by 
examining  how  individual  commands  handled  TOY  situations.  TAC,  for 
instance,  reported  TDY  time  strictly  as  TDY  and  not  as  productive  time 
for  survey  purposes.  AFLC  started  to  classify  TDYs  as  productive  but 
were  not  consistent  in  so  doing.  (AFSC  did  not  have  any  TOYs. )  These 
possible  inconsistencies  in  data  classification  could  have  skewed  it, 
but  to  what  degree  is  unknown.  All  data  appeared  generally  as  expected 
so  large  variances  were  doubtful.  To  further  preclude  difficulties, 
data  was  manipulated  in  certain  ways. 

Data  manipulation  was  done  by  reclassification  and  exclusion. 

These  actions  could  have  skewed  data  but  it  is  doubtful  because  they 
removed  outlying  responses  and  placed  than  into  the  main  data  stream  or 
removed  them  totally  from  consideration.  Because  all  coded  data  was 
based  on  percentages,  minor  inconsistencies  would  not  cause  dranatic 
skewness  nor  the  exclusion  of  data. 

One  workload  factor  and  one  entire  job  category  were  dropped  fran 
consideration  because  of  the  possible  effects  of  skewness  in  their 
respective  individual  models  as  well  as  a  potential  cumulative  model. 


Only  one  connand,  TAC,  reported  any  contract  food  operations  so  this 
factor  was  inappropriate  for  consideration  due  to  its  limited 
application.  If  considered,  it  could  have  hairpered  the  Pood  Service 
model  by  using  a  factor  not  representative  of  surveyed  commands;  the 
same  inpact  would  have  occurred  if  AFLC  and  AFSC  values  were  assigned 
as  either  missing  or  zero.  Additionally,  leased  housing  responsi¬ 
bilities  across  cotnnands  were  so  small  as  to  be  nearly  negligible. 
Little  time,  relatively,  was  spent  in  these  areas  as  confirmed  by 
the  workload  factors  of  TAC  and  two  each  for  AFLC  and  AFSC.  That  is 
why  this  job  category  was  dropped  from  consideration.  The  potential 
statistically  harmful  effects  of  excluding  this  data  do  not  outweigh 
the  skewness  that  could  have  resulted  frcm  inclusion. 

Workload  and  Category  Relationships 

As  was  shown  when  examining  findings,  most  workloads  and 
categories  were  found  to  be  linearly  related;  all  relationships  were 
significant.  This  finding  is  not  surprising  because  a  goal  of  this 
study  was  to  find  factors  that  were  descriptive  of  work  performed  in 
job  categories.  Without  a  linear  relationship,  it  would  be  difficult 
to  define  a  siirple  and  appropriate  descriptive  factor.  Workload 
factors  were  logically  selected  based  on  their  potential  for 
description  and  linearity.  That  linearity  existed,  regardless  of 
degree,  was  understandable;  it  was  expected.  No  minimum  values  for 
the  coefficients  of  correlation  and  determination  were  established  so 
relationships  would  make  itself  known  through  the  regression  process. 
What  does  need  to  be  examined  and  explained,  however,  are  the  negative 
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linear  relationships  and  any  affects  that  may  have  resulted  from 
data  coding  problems  identified  in  Appendix  N.  Logically,  negative 
relationships  do  not  nake  sense  regardless  of  their  linearity.  It 
did  not  seem  logical  for  a  workload  factor  to  increase  and  yet  require 
a  decreased  amount  of  time.  That  is,  in  effect,  what  a  negative 
relationship  indicates. 

At  first  glance,  negative  relationships  did  not  appear  logical 
but  valid  explanations  existed  for  all  discovered.  These  potential 
flaws  were  a  direct  result  of  the  way  workload  factor  and  manhour 
(job  category)  data  came  together.  The  differences  in  workload  values 
directly  corresponded  with  the  distribution  of  time  spent  performing  a 
particular  work  category.  From  this  standpoint,  negative  relationships 
could  be  appropriate.  Table  VIII  presents  various  relationship  values. 

Examining  other  areas  identified  as  potential  problems  that  have 
not  already  been  covered  revealed  little  adverse  inpact.  The  number 
of  transients  supported  was  coded  as  a  missing  AFLC  value  for  Unaccom¬ 
panied  Personnel  Management.  This  meant  that  the  resulting  scatterplot 
was  based  on  only  two  samples.  Nontally,  results  from  this  type  of 
situation  should  be  cautiously  considered;  these  results  have  an 
intuitive  appeal  in  that  they  logically  made  sense.  The  validity  of 
this  relationship  is  secure  on  statistical  and  logical  grounds;  there 
were  little  adverse  problems. 

TAC's  Furnishing  Management  account  number  workload  factor  was 
seventeen  times  larger  than  that  of  other  commands.  This,  at  first, 
appears  as  if  it  were  a  problem  but  is  not  really  because  it  was  just 
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Correlation,  Determination,  and  Significance  Values 
Before  and  After  Data  Transformation 
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Before  Transform  After  Transform 


Branch 

Category 

Factor 

r 

r2 

Sig 

r 

r2 

Sig 

Housing 

UPH 

Spaces 

.639 

.408 

-0- 

.005 

-0- 

.4844 

UPHSUP 

.639 

.400 

-0- 

-0- 

-0- 

.4995 

Transup 

.606 

.367 

-0- 

-.014 

.0002 

.4653 

Base  2 

.62S 

.390 

-0- 

.010 

-0- 

.4693 

HRO 

Cast 

.351 

.123 

.0029 

-.281 

.0794 

.0146 

List 

.365 

.134 

.0020 

-.256 

.0659 

.0238 

Office 

.372 

.138 

.0017 

-.243 

.0594 

.0303 

Funds 

Doival 

-.312 

.097 

.0076 

-.295 

.0872 

.0109 

Budgets 

.659 

.434 

-0- 

.054 

.0029 

.3405 

Furnish 

Actnun 

.504 

.254 

-0- 

.037 

.0014 

.3876 

Actual 

.500 

.250 

-0- 

-.109 

.0119 

.2024 

MC 

Curfac 

.459 

.211 

.0001 

-.244 

.0597 

.0299 

Profac 

.555 

.308 

-0- 

.239 

.0574 

.0327 

HFH 

MFHSPA 

.241 

.058 

.0331 

-.126 

.0153 

.1686 

Base  1 

.236 

.056 

.0358 

-.130 

.0171 

.1598 

' 

SUS 

SUsno 

.369 

.136 

.00% 

.106 

.0113 

.2566 

Services 

Com 

POP 

.316 

.099 

.0069 

.089 

.0079 

.2485 

Sa level  l 

.314 

.098 

.0073 

.04  3 

.0018 

.3720 

Coer  1 

.304 

.093 

.0090 

.098 

.0097 

.2721 

AAFES 

POPA 

.329 

.108 

.0050 

-.144 

.0208 

.1356 

Sale vo I  2 

.346 

.119 

.0144 

-.173 

.0298 

.1433 

Corr  2 

.338 

.115 

.0040 

-.118 

.0141 

.2326 

food 

Meals 

.854 

.729 

-0- 

-.034 

.0012 

.3982 

Rations 

.648 

.421 

“0- 

-.004 

-0- 

.4857 

Paci lity 

.858 

.737 

-0- 

-.082 

.0068 

.  2644 

Mortuary 

Cases 

.355 

.126 

.0027 

-.217 

.0473 

.0475 

Horors 

.397 

.158 

.0008 

.009 

-o- 

.4714 

Laundry 

UPHSUP 

.004 

-0- 

.4893 

-.280 

,078b 

.0150 

Contra  2 

.727 

.529 

-0— 

.498 

.2479 

.  0005 

RIBS 

Teams 

.807 

.651 

-0- 

.130 

.0164 

.1606 

Hours 

.802 

.64  1 

-0- 

.232 

.0541 

.1)329 

Deploy 

.805 

.649 

-0- 

.202 

.04U7 

•  OhlO 

SUSP 

Susno 

.24) 

.059 

.0649 

.268 

.0719 

.0471 

a  natter  of  scaling  on  the  independent  axis  which  was  not  allowed  to 
vary. 


TAC  reported  no  proposed  facility  housing  units,  but  this  did  not 
alter  the  Profac  workload  value  because  it  too  was  merely  a  matter  of 
scaling. 

AFLC's  correspondence  workload  factor  for  Corrmissary  and  AAFES 
categories  did  exist,  but  were  coded  as  zero.  The  zero  value  was  more 
appropriate  than  missing  values  as  the  values  did  exist;  they  just  did 
not  amount  to  anything.  A  missing  value  would  have  meant  that  the  data 
existed  but  was  not  available.  This  was  not  the  case  —  as  reported. 
Both  scatterplots  yielded  the  expected  positive  linear  relationships 
so  no  difficulties  were  obvious. 

TAC  values  for  AAFES  sales  volume,  laundry  contract,  and  suspense 
workload  factors  were  not  available  and  were  coded  as  missing  also. 
Again,  resulting  relationships  were  all  positive  and  linear  as  expected 
but  more  credibility  would  have  been  added  if  all  values  had  been 
available.  No  adverse  impacts  were  noted. 

Multicoll inear ity 

Strong  multicollinearity  was  present  in  the  results  from  both 
branches.  The  presence  of  multicollinearity  was  not  unexpected  nor 
was  it  surprising;  the  extent  and  degree  of  its  presence  was  startling, 
however.  Its  presence  is  totally  explainable,  but  its  effects  on  model 
development  and  selection  were  undeterminable.  Because  of  the  degree 
of  multicollinearity  found,  model  results  were  most  assuredly  affected 
to  the  point  that  some  factors  with  good  linear  relationships  were 


found  to  be  not  significant  in  the  presence  of  other  factors.  The 
one  factor  in  the  model  may  describe  the  relationship  satisfactorily 
thereby  leaving  other  factors  little  to  describe  even  though  they  could 
have  been  equally  as  satisfactory  of  descriptors. 

Multicollinearity  is  explainable  through  the  choice  of  workload 
factors.  The  goal  was  to  logically  select  factors  that  were  truly 
indicative  of  positive,  linear  relationships.  Only  certain  general 
items  stood  out  as  potential  factors  within  the  various  job  categories 
because  there  is  only  so  much  work  performed  within  a  category.  Other 
workload  factors  were  variations  or  near  variations  of  a  chosen,  main 
factor  or  factors.  Variations  were  tested  to  check  which  factors,  in 
what  combinations,  may  have  been  more  descriptive  than  the  main  factor. 
This  caused  the  evidenced  multicollinearity  as  main  factors,  multiple 
main  factors,  and  their  variations  all  seem  to  measure  nearly  the  same. 

Multicollinearity  existed  in  all  Housing  and  Services  branch 
categories  that  examined  more  that  one  workload  factor.  Multi¬ 
collinearity  was  defined  as  any  correlation  coefficient  greater  than 
.3.  Consult  Appendix  L  for  appropriate  index  values. 

Model  Selection 

Certain  statistical  criteria  have  been  specified  in  Chapter  III 
that  were  appropriate  to  the  evaluation  of  the  SPSS-generated  manpower 
models.  After  verifying  a  linear  relationship,  a  workload  factor 
could  remain  in  a  model  as  descriptive  only  if  it  passed  the  series  of 
statistical  tests.  This  was  the  final  step  in  obtaining  descriptive 
manpower  models.  If  factors  did  not  pass  statistical  tests,  it  did  not 


invalidate  any  possible  linear  relationships.  It  meant  only  that  the 

particular  factors  were  not  sufficiently  descriptive  from  a  statistical 

significance  standpoint  to  be  useful  in  defining  needed  manhours. 

2 

Evaluative  criteria  used  included  an  Mr  "  value  of  .5  or  better, 
statistically  significant  of  the  F-test  relation  at  a  .1  level,  a 
decreasing  mean  square  error  value  over  the  range  of  tested  factors, 
and  stability  of  regression  coefficients  from  various  factor  additions. 
Remember,  for  a  model  to  be  considered  at  this  point,  it  had  to  have 
an  F-test  value  of  at  least  2.8  which  represents  the  statistical 
significance  of  the  relationship  itself  (i.e.,  descriptive  abilities). 
The  significance  of  the  F-test,  or  of  the  criteria,  dealt  with  the 
amount  of  confidence  in  or  the  correctness  of  the  F-test  statistic. 

It  checked  to  see  if  the  F-test  statistic  could  be  relied  upon  to 
make  statistical  determinations. 

By  applying  selection  criteria  to  SPSS  results,  the  following 
categories  were  found  to  be  sufficiently  significant  for  model 
development  and  selection.  Any  category  not  specifically  mentioned  was 
not  sufficiently  significant. 

Models  were  generated  for  the  HRO,  Funds,  and  MRC  categories  in 

the  Housing  Branch.  Interestingly,  only  the  Funds  category  was  found 

to  be  significant  after  performing  an  analysis  of  variance  test  on 

transformed  data.  The  HRO  category  remained  heteroscedastic  after 

transformation  so  it  was  dropped  from  further  consideration.  The 

remaining  potential  models  met  all  established  acceptance  criteria 

2 

except  one  and  that  is  an  "r  "  value  of  .5  or  better.  To  try  and 

2 

obtain  a  more  acceptable  "r  "  value,  a  data  manipulation  is  possible. 


2 

A  low  "r  "  value  could  be  indicative  of  either  a  genuine  weak 
relationship  or  a  lack  of  descriptive  power  caused  by  the  model  (i.e., 
a  lack  of  fit).  To  determine  if  this  was  the  case,  a  manipulation  can 
be  performed  as  an  adjustment  made  to  the  "r  "  value.  The  manipulation 
involves  splitting  a  sum  of  squares  value  of  error  terms  into  two  parts 
—  that  attributable  to  a  lack  of  fit  and  that  attributable  to 
randomness.  This  formula: 


n 

r 


2  i  =  1Yi 

(Y-  ) - - 

i  =  1  n 


where  Y^  equates  to  an  observation  value  (i.e.,  manhours  in  a  given 

category)  yields  a  sum  of  squares  due  to  randomness.  If  this  value 

were  subtracted  from  a  total  sum  of  squares  and  the  resultant  divided 

2 

by  the  total  sum  of  squares,  it  would  yield  a  "r  "  correction  factor. 

2 

The  previous  "r  "  value  should  be  divided  by  the  correction  faction  to 
2 

obtain  a  new  "r  "  which  can  be  used  in  determining  model  accpetance. 
Coupled  with  this,  lack  of  fit  should  be  checked  to  insure  that 
resultant  models  is  descriptive.  To  do  so,  take  the  sum  of  squares  due 
to  error  and  subtract  from  it  the  priviously  calculated  value  used 
above  (i.e.,  the  sum  of  squares  due  to  randcmenss ) ,  the  resultant  is 
the  sum  of  squares  due  to  lack  of  fit  (with  one  degree  of  freedom). 

The  degree  of  freedom  for  the  randomness  factor  is  merely  the  sum  of 
squares  error  degress  of  freedom  minus  one.  Taking  the  ratio  of  the 
respective  mean  squares  yielded  an  F-statistic.  The  hypothesis  tested 
was  that  a  linear  model  was  appropriate  (i.e.,  fits).  If  it  was 
rejected,  a  non-linear  model  may  have  been  appropriate. 


Branch 

Category 

Fit  Value 

F  Value 

2 

Revised  r  Value 

Housing 

Funds 

59.209 

2.7925 

.1578 

MRC 

162.400 

2.7928 

.0894 

Services 

Mortuary 

25.586 

2.7914 

.1672 

Laundry 

8.314 

2.8354 

.6424 

RIBS 

23.200 

2.7928 

.1026 

Armed  with  this  information,  it  can  be  seen  that  the  potential 

2 

model  for  Funds  and  MRC  do  not  meet  "r  "  criteria  even  after 

f 

adjustment.  The  models  also  do  not  provide  a  linear  fit.  No  models 
were  accepted  for  the  Housing  Branch  in  light  of  this  analysis.  Refer 
to  Table  IX. 

Models  were  generated  for  Mortuary,  Laundry,  RIBS,  and  Suspense  in 

the  Services  area.  All  categories  except  the  last  proved  significant 

in  the  variance  analysis.  Heteroscedascity  existed  in  the  Mortuary  and 

Suspense  areas;  they  were  immediately  excluded  frcm  further  analysis. 

The  Laundry  and  RIBS  categories  met  all  selection  criteria  except  the 
2 

"r  therefore,  data  manipulation  was  necessary. 

As  seen  frcm  Table  IX,  only  the  Laundry  category  produced  an 
2 

acceptable  "r  "  value.  A  problem  existed,  however,  m  that  fit  testing 
revealed  a  lack  of  model  linearity  in  both  areas.  It  is  for  this 
reason  that  no  adequate  models  could  be  developed. 


The  results  of  data  transformation  pointed  out  two  things. 
Transformation  caused  relationships  that  appeared  linear  to  become  non¬ 
linear,  or  nearly  so.  This  indicated  that  non-linear  models  might  have 
been  better  suited  for  the  data.  Additionally,  more  data  certainly 
vrould  have  validated  the  potential  for  non-linearity  as  one  would  now 
know  whether  non-linearity  was  caused  by  the  data  itself  or  the  lack  of 
sufficient  data. 

Not  all  factors  with  strong  relationships  were  considered  in 
models,  as  discussed,  because  of  multicollinearity.  Once  the  most 
significant  factor  was  placed  into  the  model,  there  was  little  left  for 
the  other  factors  to  contribute  to  the  descriptive  process  so  they 
appeared  insignificant.  They  nay,  in  fact,  not  be  insignificant;  they 

may  be  as  equally  or  nearly  as  equally  descriptive  as  the  included 

■« 

factor(s).  Some  excluded  factors  could  have  had  potential  to  be  good 
descriptors  but  not  as  good  as  the  f actor (s)  in  the  model.  If  they 
were  better,  they  would  have  entered  the  model  to  the  exclusion  of 
those  that  did.  Refer  to  Appendix  N  for  tables  of  calculations  for 
regression  models  found  significant. 

Autocorrelation 

The  analysis  of  residual  values  from  the  representative  models 
yielded  grounds  for  autocorrelation  and  heteroscedasticity.  Two  types 
of  residual  analyses  were  done  —  one  with  all  conputer-generated 
models  regardless  of  stated  acceptance  criteria  and  one  using  just 
acceptable  models  on  an  individual  basis.  Each  residual  plot,  whether 
cumulative  or  individual,  revealed  the  same  general  trends  and 


characteristics.  The  increasing  pattern  of  residual  variance  over  the 
range  of  workload  factors  has  been  discussed  and  is  shown  in  Appendix  M 
(which  contains  both  transformed  arri  untransformed  data  plots). 
Additionally,  the  individual  plots,  not  depicted  in  this  report, 
demonstrated  a  skewness  towards  negative  residual  values  with  a  iruch 
larger  positive  dispersion. 

There  was  no  doubt  that  autocorrelation  and  heteroscedasticity 
were  present  and  little  could  be  done  to  reduce  its  presence  as 
previously  discussed. 

Model  Verification 

Models  that  should  have  evolved  from  the  previous  steps  were  to 
be  verified  as  previously  discussed.  Since  no  models  were  selected 
as  linear,  there  was  little  need  to  perform  verificatidn.  Any 
verification  stps  would  prove  meaningless;  therefore,  no  verification 
testing  was  performed. 

Analysis  of  Research  Questions 

At  the  onset  of  this  research,  an  objective  was  specified  along 
with  various,  specific  questions  whose  answers  would  be  used  to  achieve 
the  objective.  Before  this  research  can  be  considered  complete,  an 
analysis  of  its  results  in  light  of  the  specific  questions  and  ultimate 
objective  must  be  performed. 

The  initial  problem  stated  that  no  set  of  generic  manpower 


standards  exist  that  were  universally  applicable  to  all  MAJCOM 
Engineering  and  Services  deputates.  The  goal  was  to  investigate  the 


applicability  of  HQ  AFRES-developed  standards  to  all  MAJOOM  Engineering 
and  Services  deputates  and,  if  necessary,  develop  appropriate,  generic 
standards  by  using  a  linear  model.  The  Housing  and  Services  Direc¬ 
torate  was  chosen  as  a  testbed  for  the  application.  In  the  final 
analysis,  B2  AFRES  standards  were  not  generally  applicable  and  no 
conplete  set  of  appropriate  standards  could  be  developed  through  this 
research.  Modularity  of  job  categories  within  an  organizational  level 
—  such  as  the  Housing  and  Services  branches  —  could  have  permitted 
equations  to  be  developed  for  branch  responsibilities  (i.e.,  cate¬ 
gories).  In  essence,  the  objective  of  this  research  was  only  partially 
achieved.  Specific  relationships  were  defined  but  specific  models 
developed  were  inappropriate  given  evaluative  criteria.  No  series  of 
models  ware  developed  to  describe  an  entire  branch  responsibility. 

A 

With  regards  to  specific  research  questions,  the  feasibility  of 
developing  generic  manpower  standards  for  all  MAJCOM  Engineering  and 
Services  deputates  is  still  questionable.  Clearly,  comnand-specific 
standards  can  be  developed  because  they  currently  exist.  The  idea 
of  generic  standards  is  more  tenuous  because  this  research  was  not  a 
total,  qualified  success.  The  research  identified  areas  and  functions 
with  relationships  but  did  not  develop  acceptable  manpower  models  and 
did  not  develop  an  entire  model  for  the  whole  area  studied.  Standards 
development  is  feasible,  as  proven,  but  to  be  fully  successful,  changes 
must  be  made  in  the  approach. 

Appropriateness  for  generalization  of  the  HQ  AFRES  standards 
was  demonstrated  in  the  pilot  study  initially  conducted  to  determine 
feasibility,  appropriateness,  and  applicability.  Gonttands  surveyed 
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were  universal  in  their  dislike  of  the  HQ  AFRES  standards  because 
they  did  not  accurately  nor  adequately  measure  workloads  regarded  as 
representative  of  actual  responsibilities.  Results  of  an  application 
of  selected  standards  from  the  pilot  study  supported  these  thoughts 
as  manpower  levels  varied  drastically  and  were  not  consistent  across 
functions  and  commands.  Based  on  these  observations,  HQ  AFRES  models 
were  not  appropriate  for  generalization. 

The  research  was  to  identify  appropriately  descriptive  workload 
factors  and  did  so  with  at  least  a  modest  amount  of  success.  Factors 
chosen,  tested,  and  selected  possessed  great  intuitive  appeal,  and 
therefore,  it  was  logical  that  a  majority  of  factors  demonstrated 
linear  relationships  with  the  variables  they  were  attenpting  to 
describe  (based  on  the  use  of  untransformed  data) .  Transformed  data 

reduced  the  number  of  descriptive  factors  but  still  found  sere  factors 

% 

descriptive.  Instead  of  identifying  all  appropriate  workload  factors, 
suffice  it  to  say  that  all  workload  factors,  shown  in  Appendix  E, 
were  sufficiently  descriptive  of  respective  job  categories  except: 
the  dollar  value  of  billeting  fund  budgets  ( Dolval ) ,  number  of  current 
Housing  and  Services  facilities  (Curfac),  number  of  Housing  branch 
suspenses  (Susno),  and  AAFES  stores  sales  volume  ( Salevol  2).  Any 
relation  w/ith  a  correlation  of  less  than  .3  was  considered  weak.  Only 
the  following,  however,  were  so  descriptive  as  to  be  appropriate  for 
inclusion  in  a  manpower  model:  number  of  billeting  budgets  (Budgets), 
number  of  contiand  kitchen/dining  facilities  (Facility),  dollar  value 
of  laundry  contracts  (Contra  2),  and  the  number  of  Prime  RIBS  teams 
(Teams).  All  of  these  factors  are  conmand  specific. 


Sane  representative  equations  were  able  to  be  produced  for  various 
job  categories  within  the  Housing  and  Services  branch,  but  equations 
could  not  be  developed  for  all  job  categories  as  some  were  statis¬ 
tically  insignificant  given  tested  workload  factors.  The  equations 
developed  were  not  entirely  acceptable  and,  therefore,  were  rejected. 
Specifically,  these  areas  included  the  Mortuary,  Laundry  and  Prime  RIBS 
job  categories. 

Because  of  the  presence  of  heteroscedasticity  in  the  data,  there 
could  be  no  validity  testing  of  any  resultant  equations.  Data  trans¬ 
formations  greatly  reduced  relationships.  Any  attempt  at  a  confidence 
interval  range  would  be  superfluous  as  results  would  have  been 
statistically  invalid  using  un transformed  data.  Few  resultants  fo  the 
transformed  data  met  acceptable  criteria.  The  fact  that  models  were 
not  developed  for  all  modular  job  categories  (much  less  acceptable 
models)  contributed  to  evaluation/validation  problems  as  only  limited 
comparisons  could  be  made  to  present  staffing  levels  that  encompass 
all  job  categories. 
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Conclusion 


VI.  Conclusions  and  Triplications 


This  research  sought  to  establish  a  generic  manpower  standard 
for  MAJCEM  Engineering  and  Services  organizations  with  emphasis  on  the 
Housing  and  Services  directorate.  Because  there  is  no  set  of  generic 
manpower  standards  that  apply  to  this  type  of  organization,  a  void 
exists.  Managers  are  not  able  to  adequately  and  accurately  plan  and 
program  manpower  requirements ,  are  missing  utilization  efficiencies, 
and  are  taking  manpower  actions  without  any  quantifiable  support. 

It  was  shown  that  command-specific  standards  that  currently  exist 
are  inappropriate  for  general  application;  hence,  the  void  remained. 
This  research  sought  to  fill  this  void  by  meshifog  work  sanpling  and 
regression  analysis  techniques  to  develop  mathematical  models 
sufficiently  descriptive  of  organizational  workloads  expressed  as 
required  manhours.  Because  of  the  need  to  make  developed  models 
generally  applicable  to  all  conmands,  a  modular  approach  was  used 
to  help  account  for  differences  among  commands.  Modularity  required 
breaking  representative  workloads  into  specific  job  categories  and 
applying  these  techniques  to  the  individual  categories.  The  manhours 
required  to  perform  various  workloads  could  be  transformed  into 
manpower  requirements.  Because  of  the  predictive  nature  of  the  models 
over  their  respective  ranges,  the  manhours  and,  hence,  manpower 
required  to  perform  various  functions  could  be  determined.  This  would 


give  managers  a  tool  in  managing  and  utilizing  their  manpower 
resources. 

This  research  did  not  entirely  achieve  the  objective  with  which 
it  started.  Although  a  partial  void  still  exists  in  the  management 
of  Housing  and  Services  personnel  resources,  this  research  has  laid 
initial  groundwork  for  the  problem  solution.  This  research  has 
explored  the  entire  area  of  Housing  and  Services  manpower  modeling 
and  has  identified  valid  relationships  and  noted  problems.  Acceptable 
manpower  models  could  not  be  developed  for  job  categories  because  some 
areas  examined  along  with  the  factors  used  to  examine  them  just  were 
not  sufficiently  or  statistically  valid  to  be  useful.  Additionally, 
problems  with  heteroscedastic  data  prevented  full  evaluation  and 
validation.  Although  the  outcome  of  this  research  was  not  as 
successful  nor  as  rigorous  as  desired,  it  did  define  various 
relationships  and  served  to  broaden  the  scope  of  knowledge  while 
narrowing  the  scope  of  future  research.  These  cure  necessary 
preconditions  to  the  achievement  of  the  ultimate  goal. 

Practiced  and  Policy  Implications 

From  both  a  practical  and  a  policy  standpoint,  this  research  does 
not  have  much  of  an  inpact.  The  fact  that  a  generic  standard  is  still 
required  is  proof  of  this.  A  practical  view  shows  that  either  the 
research  goal  cannot  ever  be  achieved  or  cannot  be  achieved  given 
assumptions  used  and  limitations  encountered.  The  research  goal  can 
ultimately  be  achieved  in  light  of  the  HQ  AFRES  study  and  the  results 
of  this  research .  If  it  could  not,  HQ  AFRES  personnel  would  not 
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have  been  able  to  develop  a  command-specific  standard  nor  would  this 
research  have  generated  the  models  it  did.  The  development  of  manpower 
models  is  practical  given  the  above  considerations. 


This  research  has  little  inpact  in  the  area  of  application  because 
it  was  not  the  success  desired.  This  is  more  of  a  policy  consideration 
in  that  the  use  of  developed  standards  would  be  a  matter  of  policy  and 
would  directly  affect  manpower  policies.  If  the  research  were  fully 
successful,  the  end  products  could  be  used  to  program  manpower  require¬ 
ments  or  demonstrated  manpower  needs  in  times  of  force  modifications. 
This  could  lead  to  policy  guidance  as  to  the  specific  members  and  mixes 
of  personnel  required  to  support  operations.  Examples  could  include 
the  number  of  people  to  maintain  on  an  operations  staff  versus 

engineering  and  services  staff  or  a  chaplain  staff  at  the  MAJCQM  level. 

■ 

Additionally,  the  same  logic  could  be  used  to  establish  Air  Force-^wide 
guidance  as  to  staffing  levels  and  functions  of  various  directorates  — 
such  as  Housing  and  Services  —  within  the  Engineering  and  Services 
deputates.  There  is  potential  for  far-reaching  impacts,  on  both  a 
practical  and  policy  level,  for  the  ultimate  objective  of  this  type  of 
research.  This  specific  research  has  limited  implications  given  its 
limitations. 

Strengths 

Two  areas  contributed  directly  and  positively  to  the  limited 
success  of  the  research.  The  techniques  used,  work  sampling  and 
regression  analysis,  are  the  foremost  tools  in  their  field  for  this 
type  of  analysis.  This  thought  was  validated  in  Chapter  II.  These 
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techniques  provided  the  most  rigorous  treatment  of  the  data  and  helped 
make  the  chances  of  valid  results  as  high  as  possible.  The  use  of 
the  techniques  implies  validity,  credibility,  and  success,  but  is  not 
guaranteed  as  technique  application  does  enter  into  consideration  as 
it  did  in  this  case. 

Good  cooperation  and  support  was  achieved  from  all  points-of- 
contact  and  participants.  Their  positive  approach  and  keen  interest 
provided  for  the  best  possible  data  under  the  circumstances.  They  were 
genuinely  concerned  about  data  requests  and  observation  classification, 
they  wanted  to  be  and  tried  to  be  as  correct,  accurate,  and  factual 
in  their  reporting  as  possible.  This  is  not  to  say  that  all  went 
smoothly;  there  were  communication  difficulties  which  resulted  in 
misunderstandings.  Seme  misunderstandings  may  have  skewed  results 
and  changed  significances  of  findings,  but  the  potential  was  greatly 
reduced  because  of  the  support  and  cooperation. 

Limitations 

Three  major  factors  placed  limitations  on  this  research,  sane 
of  which  could  have  impacted  the  final  results.  It  is  important  to 
understand  these  limitations  so  that  the  range  of  result  applicability 
is  known.  Additionally,  if  this  research  were  to  be  repeated, 
operating  limitations  should  be  known  so  that  the  researcher  can  expect 
certain  sequences  to  occur  or  can  take  steps  to  reduce  or  eliminate 
the  limitations.  In  either  case,  the  following  three  limitations  were 


observed. 


Refinements 


This  research  demonstrated  an  application  exists  for  these  types 
of  manpower  models.  There  is  a  need  for  them  to  efficiently  and 
effectively  use  manpower  resources;  a  gap  currently  exists  at  the 
MAJCOM  level.  There  is  merit  in  the  concept  and  this  approach  in 
particular.  Bearing  in  mind  the  discussion  above,  this  research  could 
be  easily  repeated  with  hopefully  better  results,  conclusions,  and 
implications.  The  following  reccmnendations  are  areas  that  nearly 
duplicate  this  research  or  closely  parallel  it;  in  either  case,  they 
are  worthwhile  projects  for  future  consideration. 

The  first  recommended  refinement  uses  combinations  of  the  various 
factors  already  described  above.  Consideration  should  also  be  given  to 
the  use  of  non-linear  modeling.  Maybe  not  all  of  these  changes  are 
necessary;  they  could  be  considered  in  various  combinations.  This 
research  and  exact  same  methodology  could  be  used  by  expanding  the 
number  of  surveyed  ocnxnands  to  increase  the  total  number  of  observa¬ 
tions.  This  would  mean  either  redoing  all  the  research  from  the  start 
or  merely  adding  to  the  existing  data  base.  Closely  akin  to  this  would 
be  to  increase  the  number  of  observations  within  a  command  and  across 
all  comnands  so  as  to  get  the  desired  degree  of  interval  data 
confidence.  Taking  these  actions  in  combination  would  only  serve  to 
better  the  study.  Lastly,  any  refinement  of  category  or  work  factor 
definitions  would  be  of  great  benefit. 

Developing  standards  based  on  wartime  considerations  or  additive 
areas  identified  in  Appendix  C  would  be  complementary  research  efforts. 
Both  areas  need  consideration  in  order  to  fully  and  successfully 
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inplement  and  integrate  any  future  manpower  models. 

In  a  slightly  different  vein  but  presented  when  researching  this 
thesis  was  the  automation  of  existing  base-level  Civil  Engineering 
manpower  standards  into  the  various,  available  conputerized  management 
systems .  This  would  enable  base  level  managers  to  assess  the  changes 
in  manning  levels  based  on  potential  changes  in  operating  environments. 
It  would  also  make  for  a  faster  and  quicker  annual  reapplication  of  the 


standards. 


Appendix  A:  Glossary 


Additives;  Work  done  that  is  not  part  of  the  basic  work  center's 
description  and  manpower  standard. 

Deviation;  A  situation  affecting  a  work  center  that  causes  manhours 
required  to  do  approved  work  to  vary  from  those  contained  in 
a  manpower  standard. 

Exclusion:  Work  categories  not  required  in  one  or  more  activities 
but  commonly  required  in  other  like  activities. 

Good  Operator  Timing;  Time  values  obtained  by  measuring  the  time  a 
qualified  individual  spends  on  a  given  activity. 

Manpower  Standard;  A  quantitative  expression  which  represents  a  work 
center's  manhour  requirements  in  response  to  varying  levels 
of  workload.  A  standard  also  includes  a  description  of  work 
center  tasks,  and  associated  conditions  on  which  the  standard 
is  built,  as  well  as  skill  and  grade  requirements. 

Methods  Time  Measurement;  Procedure  which  analyzes  manual  operations 
or  methods  by  the  basic  motions  required  to  perform  than  and 
assigns  to  each  motion  a  predetermined  time  standard  which  was 
determined  by  the  nature  of  the  motion  and  the  conditions  under 
which  it  was  made  (1). 

Operational  Audit;  Work  measurement  technique  consisting  of  one  or 
more  of  the  following  techniques:  good  operator  timing, 
estinate,  standard  time,  and/or  directed  requirement. 


Potential  Workload  Factors:  Unit  of  measure  consistently  expressive 
of  manpower  required  to  acccrrplish  quantitatively  and 
qualitatively  defined  responsibilities  of  a  work  center. 

Standard  Time;  Time  necessary  for  a  qualified  worker,  working  at  a 

normal  pace  under  capable  supervision  and  experiencing  normal 
fatigue  and  delays  to  do  a  definite  amount  of  work  of  specified 
quality  while  using  a  prescribed  method. 

Time  Study:  A  work  measurement  method  consisting  of  a  careful  tine 

measurement  of  the  task  with  a  time-measuring  instrument.  The 
study  is  adjusted  for  any  observed  variances  frcm  normal  effort 
to  pace.  Allows  for  adequate  time  for  unavoidable  delays,  rest 
to  overcome  fatigue,  and  personal  needs.  Learning  or  progress 
may  also  be  considered.  Long  tasks  are  broken  down  into  short, 
homogeneous  work  elements,  each  of  which  is  treated  separately 
and  combined  with  remaining  elements. 

Work  Center;  Personnel  who  use  similar  methods  and  operations  to 

perform  homogeneous  work  usually  located  in  a  centralized  area. 
Usually  a  small  activity  within  broad  functional  segment 
contributing  to  the  same  end  product. 

Work  Center  Description:  Format  that  shows  work  center  responsibilities. 

Workload:  Expression  of  the  amount  of  work,  identified  by  work  units 
or  volume,  that  a  work  center  has  on  hand  at  any  given  time. 

Work  Sampling:  Application  of  statistical  saitpling  theory  to  the 


study  of  work  systems.  Characteristics  of  work  performed  are 
used  to  produce  estimates  of  the  amount  of  work  and  types  of 
activity  performed. 


AAFES: 


Army  and  Air  Force  Exchange  Service 
AFLCi  Air  Force  Logistics  Conmand 

AFR:  Air  Force  Regulation 

AFSC:  Air  Force  Systems  Command 

ATC:  Air  Training  Conmand 

BEAMS;  Base  Engineer  Autonated  Management  System 

CEOORS;  Civil  Engineering  Contract  Reporting  System 

CONUS:  Continental  United  States 

POO:  Department  of  Defense 

HRQ:  Housing  Referral  Office 

MAC:  Military  Airlift  Command 

MAJOOM:  Major  Air  Conmand 

MCP:  Military  Construction  Program 

MFM:  Military  Family  Housing 

M®:  Morale,  Welfare  and  Recreation 

NAF:  Non-Appropr iated  Funds 

O&M:  Operations  and  Maintenance 

Prime  RIBS:  Primary  Readiness  in  Base  Services 

P341:  Type  of  Funding 

SAC:  Strategic  Air  Conmand 

SPAGECOM:  Space  Conmand 

SPSS:  Statistical  Package  for  the  Social  Sciences 

TAC:  Tactical  Air  Conmand 

TDY:  Terrporary  Duty 

UPH:  Unaccompained  Personnel  Housing 


AFrr/LSVl  21  OCT  1983 

Background  Information  for  Manpower  Effort 
HQ  AFLC/DE 

1.  One  of  the  students  in  our  Graduate  Engineering  Nbnagement  Program, 
1  LT  Mark  Bailey,  proposes  to  work  on  a  thesis  pertaining  to  the 
development  of  manpower  standards  for  MAJCOM  Engineering  and  Services 
organizations.  Specifically,  he  proposes  to  develop  appropriate 
manpower  standards  for  teh  deputate  branch  levels. 

2.  While  reviewing  pertinent  literature  he  discovered  a  recent,  yet 
unpublished,  study  conducted  by  HQ  AFRES  that  developed  a  single 
location  standard  applicable  to  H  '^ES.  He  is  presnetly  attempting 
to  determine  if  these  standards  ai_  vierally  applicable  to  all  CONUS 
MAJCOM  Engineering  and  Services  Organizations.  To  do  this,  he  needs 
your  assistance  because  as  a  functional  manager,  you  cure  the  only  one 
qualified  to  determine  the  applicability  of  the  HQ  AFRES  study  to  your 
organization.  Attachment  1  details  manpower  standards  for  selected 
branches.  Also  included  for  comparative  purposes  is  a  HQ  AFRES/DE 
organization  chart.  Request  you  review  this  information  and  respond  to 
the  questions  showij  below.  Feel  free  to  add  any  additional  comments. 

a.  Examine  the  equations  and  workload  factors: 

1)  Are  the  workload  factors  appropriate  for  and  applicable  to 
ycur  MAJCOM  (i.e. ,  are  they  representative)? 

2)  Are  the  workload  factors  too  specific?  Could  they  be 
generalized  and  made  applicable  to  your  organization? 

3)  What  workload  factors  appear  satisfactory,  if  any,  and 
what  factors,  if  any,  need  restructuring  and  redefinition? 

b.  Apply  the  excerpted  standards  to  your  MAJCOM.  (A  brief  example 
of  how  to  apply  a  standard  is  given  in  Attachment  2. ) 

1)  What  is  the  standard  strength  recaimended  by  the  model  for 
these  branches  at  your  MAJCOM? 

2)  What  are  the  values  of  the  workload  factors  used  to 
calculate  the  standard  values  nentioned  above? 

3)  What  is  the  current  authorized  strength  of  each  of  these 
branches  at  you  MAJCOM? 


3.  Your  feedback  will  be  used  as  basis  for  deciding  if  continued 
research  effort  is  warranted.  Lt  Bailey  has  some  specific  thoughts  as 
to  the  applicability  of  the  study  and  is  aware  of  potential  limiting 
factors.  He  needs  your  inputs  to  validate  or  disprove  his  thoughts; 
otherwise,  he  will  be  unable  to  continue  this  line  of  research. 

4.  Lt  Bailey  will  be  contacting  your  staff  shortly  to  clarify  any 
questions  they  may  have  prior  to  responding.  Please  direct  all  inputs 
to:  AFIT/LSM,  Wright-Pat  ter  son  AFB  CH  45433,  Attn:  Maj  Joseph  Munter. 
Lt  Bailey  can  be  reached  by  contacting  Maj  Joseph  Munter,  his  thesis 
advisor,  at  AV  785-5023. 

*-V 

ALAN  E.  M.  TUCKER,  Major,  USAF 
Program  Manager,  Graduate 
Engineering  ffenagement 
School  of  Systems  and  Logistics 


3  Atch 

1.  Selected  Standards 

2.  Application  Exanple 

3.  Organization  Structure 
Chart 


APPLICATION  OF  HQ  AFRES  DEVELOPED  MANPOWER  STANDARD  FOR 
FAC  1731  -  ENGINEERING  STAFF 


Where:  Y  =  215.5  +  47.34X1  +  7.496X2 


And:  X^  =  Number  of  AFRES  host  bases  (10) 

X2  =  Number  of  AFRES  tenant  unit  locations  (47) 


Therefore,  total  manhours  = 

215.5  +  47.34(10)  +  7.496(47)  =  1041.212 


Required  manpower 


Total  Manhours  , 
145.3 


-  CR  - 


1041.212 

-  *  7.1659 

145.3 
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If  the  MAJCOM  has  the  same  functions  and  organization  as  the  standard 
of  AFR  26-2, 

then  evaluate  the  function  as  a  separate  function 


If  the  MAJCOM  has  the  sane  functions  but  in  different  structural 
locations  than  the  standard  of  AFR  26-2, 

then  evaluate  the  function  as  a  separate  function 


If  the  MAJCOM  has  grouped  one  or  more  functions  regardless  of 
structural  location, 

then  evaluate  the  function  as  a  group 


If  the  MAJCOM  has  split  a  function  into  two  separate  functions 
then  evaluate  as  separate  functions. 


If  the  MAJCOM  structure  includes  optional  or  mission  unique  functions 

then  identify  the  functions  as  additives  which  include: 

Missile  Functions  (SAC) 

AFMS  Construction  Functions  (AFLC) 

Automated  Information  Systems  (SAC,  TAC,  MAC) 

Interior  Design  (SAC,  TAC,  MAC) 

Facility  Energy  (AFLC) 


The  following  listing  gives  the  specific  task  categories  used  in 
work  sanpling  analysis.  These  categories  include  time  spent  drafting, 
writing,  rewriting,  revising,  editing,  discussing,  and  examining 
materials,  documents,  letters,  and  reports.  Also  included  cure  phoning, 
meeting,  and  briefing  regarding  these  specified  documents  and 
associated  contents.  Time  spent  monitoring,  enforcing,  and  resolving 
difficulties  and  discrepancies  should  also  be  included.  Time  required 
to  budget  for  programs  and  projects  and  spent  performing  temporary 
duty,  including  meetings  and  workshops,  are  appropriate  to  these 
categories.  The  indirect  category  will  include  additional  duties, 
training,  and  leave '(categories  extracted  from  AFR  85-7). 


Directorate  of  Housing  and  Services 


Housing  Management 

Bachelor/Transient  Management 

MFH  Management 

HRO  Management 

Leased  Housing  Management 

Bil leting  Fund  Management 

Facility  Maintenance,  Repair 
and  Construction 

Furnishings  Management 

Headquarters/Congressional  Suspenses 


Services 

Commissary  Supervision 

AAFES  Supervision 

Food  Service 

Mortuary  Affairs 

Linen,  Laundry,  and  Cleaning 

Headquarters/Congressional 

Suspense 

Mobility 


] 


Indirect 


Appendix  E:  Potential  Workload  Factors  by  Branch 

Following  is  a  list  of  factors  that  were  tested  to  determine  the 
relationship  between  workload  and  required  manhours.  These  factors 
represent  the  predictive  variable (s)  in  a  linear  regression  application. 

Housing  Management 

Code  Description 

UPHSUP  Number  of  UPH/Transient  housing  spaces, 

Transup  in  hundreds 

Spaces  Number  of  people  supported  in  UPH  and  Transient  quarters, 

in  hundreds 

Base  1  Number  of  bases  assigned  to  a  command 

MFHSPA  Number  of  non-leased  MFH  units  managed  to  include  trailer 

spaces,  in  hundreds 

« 

Units  Number  of  leased  housing  units 

Cust  Number  of  personnel  handled  through  HRO  annually, 

in  hundreds 

Office  Number  of  HRO  offices 

List  Number  of  listings  maintained  by  each  HRO,  in  thousands 

Dolval  Dollar  value  of  billeting  funds  managed,  in  millions 

Budgets  Number  of  budgets  managed 

Actnum  Number  of  UPH  and/or  MFH  furnishings  accounts  maintained 

Actual  Dollar  value  of  UPH  and/or  MFH  furnishings  accounts 

maintained,  in  millions 

Curfac  Number  of  current  facilities  (MFH,  UPH,  Transient) ,  in 

hundreds  of  spaces 

Profac  Number  of  proposed  facilities  (MFH,  UPH,  Transient),  in 

hundreds  of  spaces 


SUSP 


Number  of  suspenses,  annually 


Services 


Code  Description 

POP  Base  population  to  include  dependents  and  retirees, 

POPA  in  thousands 

Salevol  1  Dollar  sales  volume  of  Cortmissary,  in  millions 

Salevol  2  Dollar  sales  volume  of  AAFES,  in  millions 

Corr  1  Count  of  correspondence  pertaining  to  Commissary  liaison 

Corr  2  Count  of  correspondence  pertaining  to  AAFES  liaison 

Meals  Number  of  meals  served  in  dining  halls,  in  millions 

Facility  Number  of  dining  facilities  per  base 

Rations  Value  of  weighted  rations,  in  thousands 

Contra  1  Annual  dollar  value  of  restaurant  contract  operations, 

in  millions 

Contra  2  Annual  dollar  value  of  laundry/dry  cleaning  contracts  for 
UPH,  in  thousands  * 

Cases  Annual  mortuary  affairs  case  load 

Honors  Annual  number  of  requests  for  honors 

UPHSUP  Number  of  personnel  supported  in  UPH,  in  hundreds 

Hours  Number  of  hours  spent  in  Prime  RIBS  training,  annually 

SUSP  Annual  suspenses 

Teams  Number  of  Prime  RIBS  teams 

Number  of  Prime  RIBS  deployments,  annually 


Deploy 


Seme  of  the  potential  workload  factors  nay  never  reach  the  relata- 
bility  phase  of  statistical  testing  as  they  may  not  be  collectible. 

That  is,  data  may  not  readily  exist  or  may  be  too  expensive  to  collect; 
therefore,  the  factor  cannot  be  considered.  Some  factors  may  require 
an  average  over  a  period  to  smooth  out  wild  fluctuations  caused  by  a 
non-normal  value.  A  factor  such  as  "mechanical  capacities"  would  be  a 
very  good  potential  factor,  but  it  does  not  meet  the  collectible  and 
relatable  criteria  given  the  categorical  structure  of  the  sampling 
plan.  It  would  be  difficult  to  equate  the  capacities  of  various 
systems  because  the  units  of  measure  cure  not  the  same  (e.g. ,  BTU  vs 
KVa).  It  is  for  this  reason  that  vague  factors  were  not  identified  for 
consideration. 


Appendix  F:  Sanple  Work  Sarrplinq  Data  Packet 


Guidelines  for  Work  Observat ions 

!.  This  sheet  provides  you  with  information  regarding  this  study  and 
guidance  for  /our  participac ion.  Keep  the  sheet  handy  for  reference  chr  ou  g-.out 
Che  study. 

2.  ,  who  is  seeing  is  Local  study  coordinator,  will  inform 

you  when  to  degin  the  study.  The  study  will  run  for  two  weeks  fll)  working 
days)  and  be  repeated  in  the  near  future  for  the  same  length  of  time.  Should 
you  have  any  questions  ac  any  time,  contact  .  who  can  contact 

Che  researcher. 

3.  This  study  will  have  each  person  in  your  directorate,  with  the 

exception  of  the  chief  and  administrative  support  personnel,  record  personal 
observations  of  his  or  ner  own  work.  These  recordings  will  occur  randomly 
throughout  the  day  and  will  be  recorded  on  provided  information  forms.  There 
is  a  separate  observation  sheet  fee  each  day  of  the  study.  Please  retain  all 
sheets  until  the  end  of  che  study  when  will  collect  them. 

First,  each  form  will  be  discussed;  then,  an  example  of  how  to  use  Che  forms 
will  be  presented. 

4.  Please  examine  the  attached  sheet  entitled  "Random  Observation  Table." 

This  sheet  displays  the  random  times  throughout  the  day  at  which  you  are  to 

record  your  observations.  You  will  notice  that  there  are  different  times 
for  each  day  of  che  week.  On  Che  first  day  of  the  study,  you  would  record 
observations  of  your  activities  at  che  times  listed  under  che  first  column; 
on  che  second  day,  the  second  column  would  be  used,  and  so  forth.  There  are 
different  sample  times  for  each  day  and  week  of  the  study.  As  a  hint,  you 
might  wane  to  cross  off  lines  as  observations  are  taken.  This  will  aid  you 
in  keeping  observations  straight. 

• 

5.  The  next  sheet  to  examine  is  called  the  "Observation  Recording  Form," 
and  this  is  where  you  record  your  obsei vat  ions.  You  will  notice  it  contains 
two  cables. 

a.  The  first  cable  (left),  under  "Category"  is  where  you  should 
record  your  observations.  The  categories  shown  refer  to  che  general  categories 
of  job  responsibi  iicy  for  your  branch/director ace  as  described  in  AFR  35-7.  To 
record  an  observation  at  a  specified  random  time,  simply  place  a  check  next  to 
che  category  of  work  you  were  performing  under  che  appropriate  observation 
number  column. 

b.  In  che  second  cable  (right),  you  will  see  a  section  chat  pertains 
to  "Condi t ion. "  Each  time  you  mack  an  observation,  you  should  also  mark  this 
section.  Place  a  check  next  to  the  appropriate  ccndicion  jnd  under  che 
respective  observation  number  as  done  before. 

6.  Each  job  category  refers  to  a  general  classification  of  work  as 
outlined  in  AFR  35-7.  You  should  record  your  observation  under  che  job 
category  that  best  describes  the  work  you  are  performing  when  a  random 
observation  occurs.  Work  tr.it  is  inclusive  to  each  category  includes  time 
spent  Irafting,  writing,  rewriting,  revising,  editing,  discussing,  and 
examining  materials,  documents,  letters,  and  reports.  Also  included  are 
ohoning,  meeting,  and  briefing.  Time  ipent  monitoring,  enforcing,  and 
resolving  difficulties  ind  discrepancies  snould  also  oe  included.  Time 
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7.  The  following  i^cuueiom  for  'Cond it lone”  ir*  -offered: 


Peer:  Soneone  on  the  aaoe  unaj->vnc  ,  level  as  y:u  witnin  your 

dir«cC3tj:4 . 

Othtc  5-ap l  oyee :  Soneone  who  i i  not  /our  subordinate,  peer.  or 

boas  within  /our  directorate. 

Quc aider:  Soceone  outaide  /our  iir»::;r*:e. 

3oss:  Zsneedi  ace  or  higher. 

8.  Sxj3pl«s  co  help  clarify  procedures  'also  see  attached  sheet  il- 

a.  You  are  reviewing  '‘lea3ed  housing  policies”  for  _ __ 
when  /ou  notice  froo  :  rte  'Ranloa  Tbiervation  Tab.*"  choc  ic  .  i  : i  oe  to  record 
in  observation  of  /oar  work.  You  should  so  Che  following: 

(1)  Crsii  off  :h«  rani :a  ;:oa  fr;a  :he  "Randoa  Ttservacico  Tapis.’ 

\2)  On  the  ”?bj«rvacics  Recording  ?ora'  /ou  should  place  a  c“eo<  next 
to  :h«  "Leased  dousing  Man age-pent”  box  -near  :he  "Category”  cc.cnsr.  s-.i  corres¬ 
ponding  with  the  nuabar  of  the  observation  taken.  Thu  invo./t»  t'-e  .-ft 
cable. 

t 

'3)  ?lac«  a  check  next  to  she  "Condition  -  Alone”  entry  fcasd  on  :**e 
right  aiie  of  era  ”0o  servac  i  on  Recording  ;jra"  and  a  check  next  : :  ’lei*  •cr«." 

(i)  Resuae  noraal  activities.  ^ 

b.  Later  in  the  day,  you  ire  ta.<ing  by  :*or.e  to  tee  Ur  Scar: 
regarding  food  aervica  oanaga-oent.  I  nee  igim  you  notice  :;:i  the  Randc* 
Observation  Table”  :hac  ic  is  tiae  to  record  a.ncfer  obse rvic.on. 

(1)  Cross  off  the  rindoa  tiae  fr:n  tr.e  Rar.doo  Tbser/eticn  Table." 

(2)  Place  a  :-ec'<  next  to  the  box  c  or  r  s  at  ending  to  *?ood  5erv.ee* 
under  the  "Category”  coLuan  of  the  "Tbicrvi:i:i  Recording  "ora”  and  -nder 
the  ippropciace  observation  number  '.the  left  dole  cnce  again). 

(3)  Since  you  are  calking  on  the  o-cne,  r^jee  a  ;s-}.<  next 
to  "Telephoning”  under  the  "Condition"  :c..an  :n  right  side  of 
"Cbservic i on  Recording  Fora”  and  a  ere:*  *e<:  to  "alone.” 

f*)  Re  suae  no  tael  ties. 

c.  "his  cycle  will  reoeat  itse.f  : “ r : „ . c  c  the  lay  rd  :-e 

The  only  ocher  come  to  reaenoer  is  fit  -ml on  :r servac i:«  tines  differ  ter 
each  day  of  the  itudy.  You  east  be  iware  o:  tnis  »-d  *se  the  tines  that  are 
under  the  appropriate  lay  of  the  week  :o..an. 
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Appendix  H: 


SPSS  Programs 
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ACIVAI.1  LEAN  V  A  Cut  '.f  FUKNITjKf  ACCOUNlS  -plF/ 

OInFAC  ,  .CPP)  •<  OF  CllN-'t.-.r  FACICITHS  -PLF/ 

pn..»  iC.NUrtp-.N  of  p-toposto  facilities  -wcf/ 

SU  5*ll.,  NUH.1[H  Cf  SUSP-  NSiS  *  jLF  / 

<5CA1  irp>>  APS  F  Oh  LINEAnIIT  CmCrt-NT  JOII  CA  TEGCH  r 
AN 0  l  AC  I  OH  J 

mho  with  cus i #of rtes » i is i /  hfn  with 

t-F  ■!<  PA  ,a*stl /UPH  ,  1 1  F  SPACES,  UPHSUP.THANSUP.nASlC/ 

FUND.  .1  In  Cut /At  .(lUCutl  ,/F  LrtNISM  »ITM  AC  I  NUrt  t  AC  INAL/ 

PNC  .III,  CUHF  AC, PHUT  AC/UUSP  ollrt  SLSNU/ 

N  I  I 

1,2,  i  ,  A  ,  f,C 

K-UNiS  I'.N  anALTSIS  I-T  JOM  CAHOURT 
-i  l»,Fo a  5  1 F P‘,  i s £ / 

JAP  I  .0,1  L  >-.PH o.cusl  ,0F  F  ICI  ,L  IS  I  / 

»c  pf  SSI  '"NahhCT  •  f>»»  u  I T  n  CUST  ,  OF  F I C  L  •  L I  S I  / 

l-.l  SIOuAL  4/ 

VAPI  AMI  !  *  :»F  N»PP  PSPA.HA'-.t  t/ 

pfcl.Hl  SS  I  CNAHF  til  •  ,  5  ,H,  •  .  IS  )  JlTH  PFNSPA  ,HASEl/ 

PI  Slt-UAc  .  / 

VA.<  I  AOl  f  ■  -U''  ',  il*ACr  5  .UPH'.UP  .  I  PANVoP  ,ttAC)  2/ 

piT'.pCSS  I  CNAUPMT  •  ,O.H,*,/./N>  w  I  IH  SPAC  E  S.  UPMS  U*  ,  T  F  ANSUP  ,BASt  2. 
p^.inuAt.  / 

VAp  '  ami  >.  .  aFUi.OSiOcLVAL  ,«UUUt  IS  / 

rtt  '•>  £  .C ICNAF  UNO  ,1  •  ,r.rt,,,2.  In»  WITH  D0L\)AL,I|U00E  IS/ 

-£Si i  u»i  :/ 

•JAP  I  A  i, l  •  ;,)UPNI,H,  act  Nun,  AC  I  VAL  / 

-.'•lot.  I  ANAPUHNI  ;n  I  ,2.  TNI  HlTM  AC  T  NUN  ,  AC  TV  At  / 

nF'.I  ..OAL  ./ 

JAP  I  •OILF.  ,  =“HC  ,CUHf  AC  iPHpf  *C  / 

i  tr-'.FpV  I  SNA,  Cl«  ,  2,p  ••  .  TNI  hITM  CUHF  AC  ,PHOF  AC/ 

HI  ^  I  ..UAL  .'/ 

JAP  I  API r S  A  SUSP ,SuSNo/ 

HI  At  SSI  iANUSPI  •  ,2  .A,  •  ,/ .  ft  I  WITH  SUSNO/ 

At -I  UAL  / 

1  1 
ALL 
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VlV.www- 


RUN  «*l  r.CrfVIClS  llMIHl.11  ANAL  y  s  is 

PRINT  ‘(ALA  l  ON  IK  CL 

Fill  IAKI  It'.lwIO?:; 

VAft  1AHL  t  LIST  l  »SI  NU“.0>H.AAI-t;, FOO'J. K0Hl0ARY,L.'UNUKY,Rll1S. SUSP. 

I  An  IK  .POP  iPCP  1|  SAL  l  VRL  1  .L  i)MR|  ,  SAL  I'  V  OL  2  •  C  JR  R2  •  Hl  AL  »  • 

•*  A I  I  JAS  .F  AC  IL  1 1  »  .CONfKA  1  .LA  Sf  ‘..HONORS  .UPhSUP • 

LON [MM? i 1 1 AIMS tOLPLOT  > HOURS. SI  UNO 

input  nuii un  c  mho 

n  of  CA  ir-;  uMi‘i.,hA 

INPUT  PUKKA  I  t  M||  t  It  Lit 

KISSING  VALUtS  IAS. NUN  to  SUSNO  If) 

VAN  LABELS  C  AST  NUM. CASE  it'JUINCt  AUKHER  /CUN.COHNl  SSAKY  LIAISON  -CAT/ 

A  Af  C  '  f  A  AF  L  15  LIAISON  -CAI/ 

I  LuinrOllll  SERVtCl.  F  U  AC  I  ICN  -CAI/ 

M«JK  IUAK»  .  H,OR  IliAKY  lltllMj  FUNCTION  -CAT/ 

LAONtlKY.LAUNCRY  AND  Uk1  CLtAMNG  KCSP  -CAI/ 
miii.iI'MIMi  K1.:S  nuuIlITt  -cat/ 
dusl*  ■  UUSPt  NSt  0  VJKA  -LAI/ 

INIM»  .  INO  l»f  C  T  CAIlCo-T/ 

IMP. .IAS'  POPULATION  INC  RtTIRtES  -VLF/ 

!•  .PA.KAS,:  Pt.’LLAI  ION  INC  NtllNtLS  -VLf/ 

5»l  tvntl  .ClPKliSAKf  SALES  VOLuKf  -NLP  / 

OuRW,  COUNT  tr  COKHlSS/RY  CORKFSPLNOENCt  -VLF/ 
dAlt  V>  Li  ,  AAH  S  SALLS  YULUHC  -.LI-/ 

C‘K  K"  .COUNT  Cr  A  A  i  I!  S  10KR  E-.PON0I  NCt  -.LP/ 

PSAI.  ..NCKIt  R  lip  MtAlS  St-RVLU  -VLK/ 

RA  T  I  l.AS  »NL“tl‘'K  uf  wL  l  tin  Te  0  HAT  IONS  -WLP / 

I  AC  II  I  I  T  .AUKil-  K  OP  JINl.NC  FACILITIlS  -«LF/ 

(  i  II I K  A  I  ,  A  VALUt  or  FOOD  STUVICT  CUNTS  AC  TS  -.LF/ 

CAV  S.Ni  H  1UA-IY  AFFAIRS  CAOllCAO  -VLF/ 

IIONCKS.  K  on  .1  i  PUN  HONORS  -.LF/ 

ui  h  ;ji-.p- kucnm  i  scppcrTiO  in  ophthans  -vlf/ 

C  IKA.-’.I  0AL.-I  LAKMIkT  C  ‘MiiACTf  -VLF/ 
rCAM.,l*KI«t  Kills  ILAK  NOKntKS  -.It/ 

•1VT’1'II,P;I  IK,  .1HS  tU  PLCIKFNT  5  -VLF/ 

A«  u;:-i-  iM’t  'm  tm.MMi  HULKS  -.LF  / 

SI.-.No  •NL-Ki-t  .  .r  ib  ./t  nsl  I  -.LF  / 

TASK  NAN;  5‘AI  I.  KI.KAK1  t  OR  l  I  N.  AH  1 1  T  CKCK-l-T  JOB  CATEGORY  ANO 

r  ac  T  ..•••• 

SCATTER -.RAN  l.l-.K  HlIH  PUP,  sal..  /OLl.CORPl/AAFES  vITH  POP  A,  s  ALL  /  UL2  • 

1  i'h  k:’/f  0  1  c  vl  »h  Ni  AlS.KAT  ICN'.hACILITY/ 

/•1-KrilAKT  sTTH  CA-t  i|rtiACJS/b  Au.NiJK  Y  PITH  UPW  :',UI'  •  C  ON  T  R  A  2/ 
Mills  KllM  Tt  AKo.JLPLOT  .HUCRS/ oOSP  VlTH  SUbNG/ 

HPT  T  ON:;  -* ,/ 

SI  AT  t:il  1C  i  1  -i  .0 

TASA  NAKI  III  (Mil  |S  I JN  ANAL  To  I  S  !t  T  Ji)H  CATEOROY 

K  t  ‘SHr*  s'.  I  0  N  /He  I  *1.  i*s  s  f  i  Pv  1  it  / 

V  A  i  I  A  I'LL  .  ICC*  .POP.  sALlVUL  I  »CCkK  1/ 

m  I/Kt  INSCCBT  ••  •  .  o  .  Itl  kITh  POP,  SALC/0L1  .CiRRl/ 

K  I  «  Tl'UAI  .  / 

VA-  I A  III  f  .  :AAFl  ,  ,1’bPI.'  ALFVOE  2.  C' RPI/ 

K!  U.t  .StllNAAAFtCI  •  .2.R.  ••  Ttl  kTIH  POPA.SALE/OL2.CORR2/ 

k .  s TmuiU ■; / 

'/All  I  A“Cr  ;  =F  COJ,*L  AIS.K  AT  I  ONS  »F  AC  [L  1  TT  / 

(iCr.i  (■»  it  ;  AS  F  :l  «ITM  Nt  AL-  *  RAT  I  CNS  ,f  AC  IL  1 1 » 

ft  .  I  dual  / 

V  .11  I  AIL:,  j  s  »CK  IU  AH  T  .  C  »  ,1  n  .  HC.NTKS/ 

111  ‘.HI  .,-ilbl'SAi.s  IUAKM  .  ,0  .M  .•  ,2. 10}  Vt  TM  CASES  .MoNoKS/ 

Ml  lllOAl  ,/ 

V.-.K  I  I'  Ll  lUFnbUP'btnilMt.'/ 

KIUKL-  .  I  ..  I.SL  AijN^K  t  t  •  ■  :  .<««  •  iC  .  JOT  vlTH  UPHSUP  ,C0NTRA2/ 

Ml  .  I  IlLAL  ./ 

VAHI1  LL--Kl  ,,I,AKC,ltPLOY  ,hCUKS/ 

KIOHI  -.1  '  S- H  I'ISI  •  •  2  «K  '•  I?  •  10  •  .tin  1  E  AKS  iJLPLOY  .HUNKS/ 

l4l  I  ..I  A1  / 

I  -  ,  Ll  4  -  .b  .!*( 

•<  II. K*  '.  o  l  :.*A  i  SbSP  (  •  •  /  ■  K  1  •  ti  •  V)  t  VlIH  jUSNO/ 

.  I  JOAL  . 

•  )p  Hil,  II 

'  I  A  I  I  S I  I C  i  'll 

Mil.)  I  Kp'l  f  IA  T  A 
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Branch 


Housing 


Services 


Appendix  I:  Areas  of  Concern  for  Workload  Factors 


Category 


Description 


Unaccompanied  AFLC  transient  support  factor  coded 

Personnel  as  missing 


Furnishing  TAC  account  number  factor  17  times 

Management  larger  than  other  camands 

Maintenance,  Repair  TAC  does  not  have  any  family 
and  Construction  housing  facilities  proposed 

Suspenses  TAC  factor  coded  as  missing 


Catnnissary 

AAFES 


Food  Service 


Laundry 


AFLC  correspondence  factor  coded  0 

AFLC  correspondence  factor  coded  0 

TAC  sales  volume  factor  coded  as 
missing 

TAC  only  command  with  reported 
food  service  contracts.  Drop  from 
analysis 

T PC  contract  factor  coded  as 
missing 

Commands  classified  clothing  work¬ 
loads  under  this  category  although 
there  is  no  separate  workload 
factor  to  so  identify 


Suspenses 


TAC  factor  coded  as  missing 


Appendix  J:  Conputer  Data 


Untransformed  Housing  Data 


I1P0  3.J*  a  •  3  *  •  6  •  .*.4  *.U  U  1.28  4.fr*  Mft.l  tr  IU  . 2  1.1.6  b  8  7.3 

ft  7.6  *>  0  7.1  i'*  10.3  #.?.*  ?oj  mr 

1101  3.36  .64  i  .»  4  3.3:*  ”  i'  ;.C*  86.1  <  IM.'.  2  (*1.6  6  87.’ 

57. G  9  6  7.1  24  19  *0.1  *.2.  *  ?u*  »»2C 

1102  1.24  3  10  11  1.28  1  l*.ii  .ift.i  (,  lit.#  2  61.6  t»  87.3 

57. g  9  s  r.i  2»  i*»  n.s  »?.m  ?»  i  »*r 

1101  ?•??  .».l  1  .28  .<.-1  .A4  o  .61  fc.Tll  8ft.l  A  131. G  2  ol.ti  C-  ft?. 3 

5  7.6  9  ft  7.1  21  19  10.1  .2.  *  2DJ  Ml*! 

1104  2.08  0  '.On  *  •  ft  4  ?.<n  ...4  7.84  i»5.l  ft  131.'.  2  Sl.b  &  87.3 

57. ft  9  ft  7  •  t  24  19  10.1  t.?.M  2ft!  H7‘* 

1105  •  b 4  1  ft. (14  .'4  0  11  1  n  :*.0l  »'  .1  t.  1  5 1  •  L  2  t  1  .6  ft  8/. 3 

5  7. ft  ••  ft  7.1  7  4  i*  io.l  .""M  »»■  1 

1116  .61  .ft  4  l.?H  1.^8  0  I.2«  t  •.*.*•  G  M •  ft  H5.1  0  1 31.  ft  2  *.1.6  t  8  7.3 

51.6  9  ft  7,1  21  l'*  |Q.  A  62.  P  29  3  Mil 

1107  4.4  O  i.24  !»  0  .‘4  1  1  •  ?.l  4  ‘"i.l  f  131. '•  ?  Al.ft  f  87.3 

5  7. ft  V  6  7.1  24  1‘*  f  1. 3  2T  1  MC'* 

HOP  2.08  0  1.61  1  0  .ft4  1  1.28  3 .  Jt*  i.  J?l.«.  ?  SI. ft  6  HI. 3 

5  7. ft  »  u  7-1  21  II  lfl.l  v2.H  21*  2  l"K 
1101  4. SI  2.72  icon  3.3ft  .fti  4  •  ft  4  1*9.1  ft  1  11. »•  2  ftl.C.  b  "7. A 
57. b  9  ft  7.1  ?4  IM  jo.t  i.?.M  2:  i  112*: 

1110  5.64  0  t.8  0  0  1  .1'.  1.1  l.M  Mft.l  .  IM. ft  ?•  !.■.  ft  47.J 

5 /.ft  •  6  7.  1  24  10.3  12.4  20J  ;* 2 

lit!  2.14  0  1  0  5  .*>*.  i  3 .  s  ?..)i  Mft.l  t,  171.7  2  ^l.ft  f  *7.1 

5  7.  ft  9  <.  7.1  *>1  19  1*.  1  62.  n  /0  •  8  m. 

1112  0  2.34  1  1  3  0  3.6  .hs  '.04  Mft.!  6  l/l.(  2  ft  1.6  6  b 7. 3 

5  7.6  9  ft  7.1  ’4  19  11.3  A?.*  / •.*  J  MJP 

1113  .4  1  1  3.6  0  l.-if  .81  2.4  0  2  .4  Pft.l  ft  l*  1.6  ?  61  .ft  ft  .47.3 

57.6  9  6  7.1  24  19  10.3  62. M  ?'M  nnr 

1  1  14  0  3  2.1  6  0  f  2  1.‘*ft  1  .f»-  3.72  ll-.l  ■*.  13  1.  ft  Z  Gl.A  ft  8  7.3 

51.  ft  9  ft  7.1  24  l*»  10.  A  62  .n  21  ?0t 

1115  0  0  2.04  3  0  “.Cl  1.18  2 ,  J  4  2.04  s**.1  ft  131  2  ft. 7.  ft  97.3 

57.6  ^  6  7.1  24  19  10.5  ft2 .  P  rtf' 
lllft  2.0  4  *1  1  J  .84  .1  ?.14  2.M4  2.01  if 5.1  7*  131.6  2  61.6  ft  87.3 
•  57.6  9  ft  7.1  24  1"  10.3  ft2.M  >23  8'U- 

1117  .7?  0  2.4  1  .??  2.4  i.ftM  i  .i  i*  2.4  Ci.i  ♦  131. ft  2  Si. ft  ft  17.3 

57.6  9  ft  7.1  24  l'»  IP.  3  62.71  i’l*.?  HOC 

1118  0  0  2.2R  0  1.44  .7?  3  2.2*1  Hft.l  ft  131.6  2  61.6  ft  87.5 

5  7.7.  9  6  7.  1  24  1  «  10.3  r,2.f  21*  3  «00 

1119  00001000  1?  If. I  i  1.W.6  2  ‘1.6  f  87.3 

5  7.6  9  6  7.i  '4  ii  10.3  r.r.n  -2?  pc'* 

120  1  0  l.tiM  ‘I  0  .’4  n  ft.  2?  l.fM  1.3H  tl*  .1  H  132.8  .?  7?.  6  .f  79.7  46.9 
10?  8  5.1  3.?  27  12.3  1-2.6  312  l!C 

1?0?  .54  0  9.4ft  C  2.c?  0  l  •  **  4  2.7  l.'P  *.C.l  r  112.8  ?  75.^  8  t),  7  46.9 
1 02  8  5.1  f?  27  12. 3  63.6  34 ^  1 r ft 

1203  3.24  .72  ft •  9 8  0  10  2.31  2.89  2.24  »w.l  1  122.8  2  7‘>.5  8  79.;  46.1 

102  8  5.1  3?  2.  1?.3  7.2.6  .*.*2  1.0 

1204  t.ll  .54  3  0  l#9n  ,ft4  *. ft  4. ft  ft  0  •  1  8  172. H  2  75.5  8  79.  7  46.1 

102  8  ft.  I  5  2  ?(  1  2.3  62  .6  3*2  1  >0 

1205  .54  5.22  l  .12  0  !•#..?  0  ’.ft'  1.07  ?.,4  uft.l  8  132.8  2  75. j  8  79.7  4fe.9 
102  8  ft,  l  *2  ?t  12.3  6P.lt  W  1*0 

1206  1.8  3.4'  4.11  0  1  .ft  4  7.88  '*.’4  GO. I  8  132.8  2  75. S  8  79.9  4*. 9 

102  8  5.1  12  26  12.3  (.2.6  347  1*0 

1207  1.8  2.89  l.0«  1  1.8  r,  i  ,P9  i.ftt  3.31  10.1  8  132.8  2  75.7  8  79.9  4C  .9 
10?  8  5.1  J?  26  12.1  6? .0  74  2  l  tO 

1208  .54  1  5.1  3  •  ft  1  C  n  / •  ? 4  3.4  f,C,l  H  X  72. 8  ?  75.5  8  7*1,9  46.9 

102  8  5.1  32  27  12.3  1.2.6  .’.42  150 

1209  1.6J  0  6.84  n  .  ft  4  n  3.12  3.13  ?.1<  •'  0  •  1  4  132.8  2  75.5  9  7'. 9  46,1 

102  8  ft.l  12  ? 7  1  *  f» 2  .6  ir  l*.0 


l?ia  j  3. no 
lo?  n  :  .1 

3,78 
1?  2* 

l 

.  72  0  8.719  s.4.1  2 
2.3  6  2.6  J'*?  i  n 

•  ft?  61 

.1  8  |J?.8 

?.  75.5  9  71.7  48. 

1211  1.44  1 
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1212  l.6*i  a 

102  •»  5.1 

2.2  8 
12  ?» 

r 

I 

1  .  •  8  1  4.--*  1  .  jfl 

?.3  6  1.0  |-,0 
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Appendix  K 


and  Workload  Factors  Relationships 
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Appendix  L:  Tables  of  Intercorrelation  -  Multicorrelation  Matrix 
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